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LUBRICANTS FOR HYDRAULIC STRUCTURES

PART I: INTRODUCTION

Background

1. US Army Corps of Engineers field installations continually ask

questions about lubricants for Civil Works hydraulic structures. Uniform

guidance regarding the specification and use of lubricating oils and greases

is not available. Several districts indicate poor performance of given

lubricants and concern about the compatibility of alteinate lricants.

Synthetic lubricants are being marketed more extensively in recent years and

Corps installations are questioning the advisability of switching to more

expensive synthetic lubricants. In .esponse to these concerns, a program was

developed to provide guidance for lubricating Corps hydraulic structures.

Objective

2. The objective of the work was to determine the Corps' lubrication

practices and problems in the areas of lubricating oils and greases and

insulating oils, and provide guidance to meet the needs.

Approach

3. Phase I of the program was directed toward learning what lubricants

were being used by the Corps and what type of equipment was being lubricated.

To accomplish this, a survey was sent to all Corps installations having

hydraulic structures. The survey requested that installations supply photo-

copies of the two engineering forms (ENG 2468 and ENG 2469) required by the

Project Operation Maintenance Guide, ER 1130-2-303. Information on any onsite

lubricant evaluations or test programs which may have been conducted by the

installation as well as point of contact for further coordination was also

requested.

4. Phase II consisted of (I) reviewing the survey responses regarding

the type of lubricants used and the machinery lubricated, (2) contacting
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equipment manufacturers and lubricant producers regarding lubrication needs,

providing state-of-the-art information to aid field installations in obtaining

appropriate lubricants, and (3) addressing any specific problems indicated by

the responses to the survey.

Scope

5. Motor oils are not considered and maintenance procedures are not

discussed. General discussions on the nature and production of lubricants are

given only for background knowledge to assist in lubricant selection. Since

these subjects cover an extensive array of knowledge, only those points useful

in lubricant selection are given. Detailed information and instructions for

product selection are provided.

• -- .. .-- mm~m m nnm mmmmm nnmommnmnn in I 5



PART II: LUBRICATIION PRINCIPLES

Friction

6. Friction is the resistance to relative motion between two surfaces in

contact. Two genecai cases occur: sliding friction and rolling frirricn.

7. Sliding friction is best demonstrated by imagining P brick on a flat

surface (Figure i). If force is applied horizontally, the brick will nozi move

until the force is great enough to set it in motion. This force is equal to

the resistance at the instant motion begins and is callen the frictional

force.

SUPPORT SURFACE

Figure 1. Force F acting on a body with load L

8. Three laws govern the relation between the frictional force and the

load or weight (L) of the sliding object. The first law says that the ratio

F/L remains constant and is independent of contact area. No matter which face

of the brick in Figure 1 is in contact with the surface, the ratio F/L remains

the same. The ratio F/L is called the coefficient of friction and may be

symbolized f = F/L.

9. A second law states F is proportional to L. If two objects of equal

weight are placed one above the other on a flat surface to double the weight,

the force required to move the combined load would also be doubled. This

means that f, the coefficient of friction, remains constant and is independent

of load.
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10. A third law states that the force required to keep a body in motion

is the same regardless of the speed. In other words, F is independent of

speed and the coefficient of friction is also independent of speed. The third

law implies that the force required to put the body in motion is the same as

the force required to keep it in motion. This is not true. Once in motion,

the force required to maintain motion is less than the force required to

initiate motion. However, once in motion, there is some dependency on

velocity. These facts lead to two categories of friction. Static friction is

the force required to initiate motion (F s ) and kinetic or dynamic friction is

the force required to maintain motion (Fk).

11. The coefficient of friction depends on the type of material. The

coefficient for copper is different from that of a bearing alloy or steel.

However, it is less dependent on the roughness of the contacting surfaces than

one might imagine. Regardless of how smooth a surface may appear, it is

composed of small irregularities or asperities. Early researchers supposed

that dragging the contacting points of one surface up and over those of

another surface constituted the frictional force. (In Figure 2, a force is

required to drag point A over point B.) In cases where a surface is extremely

rough, the contacting points do play a role, but when the surface is fairly

smooth, the points have a very modest effect.

12. However, real surface area is much more important than apparent

smoothness. Real or true surface area refers to the area of the points that

are in contact with one another. This area is much less than the apparent

geometric area. Figure 3 illustrates this relationship. Points A, B, C, and

D represent the true area of contact.

MOTION-

A

Figure 2. Section of a sliding surface
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J APPARENT~AREA

Figure 3. True surface area at points A, B, C and D

13. Adhesion, which occurs at the points cf contact, is also more impor-

tant than apparent smoothness. The term adhesion, as used here, refers to the

welding effect that occurs when two bodies are compressed against each other

and is more commonly referred to as cold welding. It arises from pressure

rather than heat which is associated with wr'ding in the more familiar sense.

A shearing force is required to separate the bonded surfaces.

14. The objective of lubrication is to reduce friction by introducing a

material with a low shear strength or coefficient of friction between the

wearing surfaces. Nature provides such materials in the form of oxides and

other contaminants but the reduction in friction due to their presence is

insufficient for machinery operation. However, the coefficient of friction is

much lower than it would be for clean metal.

15. In such cases, a second relationship is often used to define the

coefficient of friction: f = S/P, where S is the shear strength of the

material and P is pressure (or force) contributing to compression. From this

relationship, it is apparent that the coefficient of friction is a function of

the force required to shear a material.

16. Sliding motion appears to be smooth but is actually jerky or inter-

mittent because the object slows during shear periods and accelerates follow-

ing the shear. After acceleration, another set of shearing obstacles are met

and the process is repeated. During shear periods, Fs controls the speed.

Once shearing is completed, Fk controls the speed and the object accelerates.

In well-lubricated machinery operated at the proper speed, this effect is

8



insignificant. However, under special circumstances, this motion is respon-

sible for the squeaking P chatter sometimes heard in machine operation.

Machines that operate over long sliding surfaces, such as the ways of a lathe,

are subject to this effect which is referred to as "stick-slip." Lubricants

with additives to make Fk greater than FS are used to overcome this effect.

17. Rolling friction is also important. Experience shows that much less

force is required to roll an object than to slide or drag it. Nonetheless,

force is required to initiate and maintain rolling motion. Consequently,

there must be a definite although small amount of friction involved. The

precise manner in which rolling friction occurs is beyond the scope cf this

work. However, the following generalizations will help to understand roiiing

friction.

18. Theoretically, a rolling sphere or cylinder should make contact with

a flat surface at a single point or along a line (in the case of a cylinder).

In reality, the area of contact is slightly larger than a point or Line and is

formed by elastic deformation of either the rolling object or the flat

surface, or both. Much of the friction is attributed to elastic hysteresis.

If an object were perfectly elastic, it would spring back immediately after

relaxation of the deformation, but this is not usually the case. A small but

definite amount of time is required to restore the original shape. As a

result, energy is not entirely returned to the object or surface. It is

retained and converted to heat. The force which supplies that energy is, in

part, the rolling frictional force.

19. A certain amount of slippage (which is the equivalent of sliding

friction) is involved in rolling friction. If the friction of an unhoused

rolling object is measured, slippage plays only a very small part. However,

in practical applications such as a housed ball or roller bearing, some

slippage occurs and contributes to rolling friction. Disregarding slippage,

rolling friction is very small compared to sliding friction.

20. Although laws for sliding friction cannoL be applied to rolling

bodies in equally quantitative terms, the following generalities can be given:

a. The frictional force can be expressed as a fractional power of

the load times a constant (F - kLx) but the constant (k) and

the power x) must be determined experimentally.
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b. The frictional force is an inverse function of the radius of

curvature. As the radius increases, the frictional force

decreases.

c. The frictional force decreases as the smoothness of the rolling

element improves.

d. The static frictional force (F s ) is much greater than the

kinetic force (Fk).

Wear

21. Friction creates heat and causes wear. Because heat generation due

to friction is so common, it will not be discussed here. However, wear

deserves some consideration.

22. Wear removes material from working surfaces. Although it is an

inescapable process, it can be reduced by appropriate machinery design,

precision machining, proper maintenance, and proper lubrication.

Ordinarily, wear is thought of only in terms of abrasive wear occurring in

connection with sliding motion and friction. Hovever, wear can also be the

result of adhesion, corrosion, or fatigue.

23. Abrasive wear occurs when one wearing surface cuts into and plows

out a small portion of the other. Dust and dirt between wearing surfaces

contribute to abrasive wear.

24. Adhesive wear occurs when points of contact (which constitute the

true area of wear) undergo adhesion. Although shearing often occurs along

the plane where adhesion took place, it also occurs as shown in Figure 4.

MOTION ADHESION PLANE SHEAR PLANE

a. Approaching hl, noint b. Cold welding c. Shearing

F!: c- 4. Shearing of a welded junction
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Presumably, shearing occurs through the weakest section, which is not neces-

sarily at the adhesion plane. In many cases, shearing occurs in the softer

material, but such a comparison is based on shear tests of relatively large

pure samples. The adhesion jinctions, on the other hand, are very small

spots of weakness or impurity that would be insignificant in a large

specimen but in practice may be sufficient to permit shearing through the

harder material. Investigations have shown that both faces of wearing

surfaces of different hardness contain traces of material from the other

face (Bowden 1967)*. Theoretically, this type Gf wear does not remove

material but merely transfers it between wearing surfaces. However, the

transferred material is often loosely deposited and eventually flakes away

in microscopic particles.

25. Corrosive wear occurs when a chemical reaction occurs on either

wearing surface. The most common form of corrosion is due to a reaction

between the metal and oxygen, but other chemicals could he responsible if

present. Corrosion products (usually oxides) have shear strengths that

differ from those of the metals of the wearing surfaces from which they were

formed. They tend to flake away, resulting in pitting of wearing

surfaces. Ball and roller bearings depend on extremely smooth surfaces to

reduce frictional effects. Corrosive pitting is especially detrimental to

these bearings.

26. Metal fatigue is demonstrated by bending a piece of metal wire back

and forth until it breaks. Whenever a metal shape is deformed many times,

it eventually fails. A different type of deformation occurs when a ball

bearing under a load rolls along its race. The bearing is flattened

somewhat and the edges of contact are extended outward. This repeated

flexing eventually results in microscopic flakes being removed from the

bearing. Fatigue wear also occurs during sliding motion.

27. Not all wear is considered detrimental. During the break-in period

of new machinery, friction wears down working surface irregularities and

redistributes the material.

*Bowden, F.P. 1967. Friction and Lubrication, Methuen and Co., London.
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Viscosity

28. Viscosity is a property of fluids. It is defined as shear stress

divided by shear rate and is regarded as a measure of the resistance to a

shearing force. A fluid with high viscosity does not flow easily and

requirec more force in a given unit of time for shearing. Fluids with low

viscosity flow easily and require less force.

29. When viscosity is determined by directly measuring shear stress and

shear rate, it is expressed in centipoise (cP) and is referred to as the

absolute viscosity or dynamic viscosity.

30. In the oil industry, it is more common to use kinematic viscosity

which is the absolute viscosity divided by the density of the oil being

tested. Kinematic viscosity is expressed in centistokes (cSt). Viscosity

in centistokes is conventionally given at two standard temperatures: 104

and 212' F (40 and 100 ° C).

31. In many cases, the viscosity of an oil is not determined by

measuring shear stress and shear rate directly. Instead, the time required

for an oil to flow through a standard orifice at a standard temperature is

used. Viscosity is then expressed in SUS (Saybolt Universal Seconds). SUS

viscosities are also conventionally given at two standard temperatures: 100

and 210 ° F (37 and 98' C).
32. Professional societies classify oils by viscosity ranges or

grades. The most common systems are those of the SAE (Society of Automotive

Engineers), the AGMA (American Gear Manufacturers Association), the ISO

(International Standards Organization), and the ASTM (American Society for

Testing and Materials). Other systems are used in special circumstances.

33. This variety of grading systems can be confusing. A specification

giving the type of oil to be used might identify an oil in terms of its AGMA

grade, for example, but an oil producer may give the viscosity in terms of

cSt or SUS. Conversion tables for the various grading systems are gi-en in

Appendix A. Conversion between cSt and SUS viscosities at standard tempera-

tures can also be obtained from ASTM D 2161.

34. Ordinarily, fluid lubricants are oils. The viscosity of oil varies

inversely with its temperature. As temperature increases, oil viscosity

decreases and when temperature decreases, oil viscosity increases. Oils

12



also vary in the extent to which their viscosity changes with

temperatures. For some temperature range, say 0 to l00 ° F (-18 to 370 C),

one oil may change considerably more than another. A measure of this

tendency has been devised and is called the viscosity index (VI). The

higher the VI, the less the viscosity will change over a given temperature

range. The lower the VI, the more the viscosity will change. An oil with a

VI of 95 to 100 would change less than one with a VI of 80. Proper

selection of petroleum stocks and additives can produce oils with a very

good VI (see Part III).

Objectives in Lubrication

35. The fundamental principle of lubrication is to interject a material

with a lower shear strength (or coefficient of friction) between wearing

surfaces that have a relatively high coefficient of friction. In effect, the

wearing surfaces are replaced by a material with a more desirable coefficient

of friction. A material used to reduce friction in this way is a lubricant.

Liquids, solids, and even gases can be used as lubricants. Industrial machin-

ery ordinarily uses oil or grease, but solid additives such as molybdenum

disulfide or graphite may be included when loading is heavy. In special

cases, wearing surfaces are plated with a different metal to reduce friction.

36. The ultimate goal of lubrication is to reduce heat and wear to

negligible or acceptable levels. Since both heat and wear are associated

with friction, they can be reduced by reducing the coefficient of friction.

Lubricants may also be used to reduce oxidation and prevent rust. However,

all such functions ultimately contribute to reducing heat and wear.

Hydrodynamic Lubrication

37. In hydrodynamic lubrication, wearing surfaces are completely

separated by a film of oil. A good example of this type of lubrication is

provided by a loaded plate riding on a flat surface (Figure 5). Before

motion takes place, the loaded plate rests on the supporting surface. As

the plate is put in motion, it meets a certain amount of resistance or

opposing force due to viscosity of the oil. This causes the leading edge to

13



SLIDING PLA T

OIL WEDGE
SUPPORT SURFACE

Figure 5. Hydrodynamic lubrication.

lift slightly and allow a small amount of oil to come between the plate and

supporting surface. As velocity increases, the wedge-shaped oil film

increases in thickness until constant velocity is attained. A similar

phenomenon is witnessed when someone water skies. When the velocity is

constant, oil entering under the front edge equals the amount passing outward

from the trailing edge. For the loaded plate to remain above the supporting

surface there must be an upward pressure that equals the load. Large thrust

bearings, such as those found in generators at hydroelectric plants, operate

under this principle. However, the design must allow the plates to lift and

tilt properly and provide sufficient area to lift the load.

38. Another example of hydrodynamic lubrication is found in operation of

journal or sleeve bearings and is depicted, with exaggerated dimensions, in

Figure 6. Before motion begins, the journal rests on the bearing centered on

the vertical diameter. When the journal rotates, oil adhering to the journal

causes a buildup of pressure indicated by the shaded area on Figure 6a. As

the velocity of rotation increases, this pressure lifts the journal to provide

a curved wedge-shaped film that prevents contact between the journal and its

bearing. The point of least film depth is not on the vertical diameter; it is

shifted to the left as indicated in Figure 6b. Eventually, velocity becomes

constant and the journal rides on a film of oil sufficient to prevent contact

with the bearing surface.

39. This is a very simplified explanation. A more precise mathematical

theory was developed by Reynolds before the turn of the century and is now

referred to as the Reynolds equation. It is a rather complicated analysis and

more simplified equations have been developed to provide equivalent approxima-

tions. From such equations, film thickness may be calculated with a consider-

able degree of precision.

14



VERTICAL DIAMETER THROUGH POINT
DIAMETER OF LEAST FILM DEPTH

JOUNALBEARING--

IPRESSURE

a! ZONE b

Figure 6. Hydrodynamic lubrication of a journal bearing

40. Regardless of how film thickness is calculated, it is a function of

viscosity, velocity, and load. As viscosity or velocity increases, the film

thickness increases. When these two variables decrease, the film thicknes5

also decreases. Film thickness varies inversely with the load. As the load

increases, film thickness decreases. Viscosity, velocity, and operating

temperature are also interrelated. If viscosity is increased, the operating

temperature will increase, which has a tendency to reduce viscosity. Thus,

and increase in viscosity tends to neutralize itself somewhat. Velocity

increases also cause temperature increases accompanied by a viscosity reduc-

tion.

41. Theoretically, hydrodynamic lubrication reduces wear to zero. In

reality, the journal tends to move due to load changes or other disturbances

and some wear does occur. Nonetheless, hydrodynamic lubrication reduces

sliding friction and wear to a minimum.

Boundary Lubrication

42. Lubrication designed to protect against frictional effects when

asperities meet is called boundary lubrication. Materials contained in the

lubricant attach themselves to Lhe wearing surfaces and lower the coefficients

of friction.

15



43. In the past, animal fats and vegetable oils were used as boundary

lubrication. When petroleum began to provide lubricating oils, it was found

that if fat was added to mineral oil the resulting compound could reduce the

coefficient of friction between wearing surfaces even though the viscosity was

the same as for untreated mineral oil. This quality of lowering the coeffi-

cient of friction for a given viscosity is known as oiliness or lubricity and

arises from the presence of long-chain fatty acids.

44. Long-chain fatty acids are composed of a chain of carbon atoms that

has oxygen at one end of the molecule, making the molecule polar and react-

ive. Although Part III gives more detail on the nature of these molecules,

the following is sufficient to describe what takes place.

45. The fatty molecules attach themselves to metal surfaces by either

of two mechanisms. In the first case, the molecules adhere to a metal surface

due to their polar nature. Mineral oil would also adhere to a metal surface;

however, the adherence is much weaker than that of the fatty acids. This type

of attachment is referred -i as adsorption. Fatty molecules dissolved in the

oil attach themselves to a metal surface by their polar ends in an array

similar to the hairs of a brush (Figure 7). Remember that the surface is not

truly metallic, but a microscopic coating of oxides and impurities. The

surfaces slide over these molecules which provide a reduced coefficient of

friction and reduced heating and wear. However, adsorption is a reversible

process. If the temperature is raised to the melting point of tha fatty

acids, they will be removed from the surface and go back into solution with

j NN NX NNN'"\

Figure 7. Adsorption of fatty acids on wearing surfaces

16



the oil. The adsorbed molecules may also be removed by physical force if

contact between asperities is too severe.

46. The second mechanism of attachment is called chemisorption. In this

process, the fatty acids react with the true metal surface and form a bond,

which is somewhat stronger than that of adsorption, and a new chemical--a

soap. Due to the stronger bonding, a greater degree of protection is pro-

vided. This type of bonding is irreversible. The soap does not become

detached when the temperature reaches the soap's melting point. Detachment

does not occur until a temperature considerably above the melting point is

reached. Higher temperatures and severe contact will, in the end, remove the

soap and put it in solution. (See Part III for a description of soaps.)

47. Chemicals that provide protection in this manner are called

antiwear agents and oils that have been treated with them are classed as AW

(antiwear). Most oils intended for use in heavier machine applications

contain antiwear agents. However, AW agents are effective only up to a

maximum temperature of about 250' C (4800 F).

EP Lubrication

48. Because heavy loading causes the temperature to increase, antiwear

protection is effective only up to some limit of loading and the associated

temperature. When pressure becomes too great, asperities make contact with

greater force. Instead of sliding, shearing takes place, removing the

lubricant and the oxide coating. Under these conditions (Figure 8), the

coefficient of friction is greatly increased and the temperature reaches a

damaging level.

Figure 8. Wearing surfaces shear when a lubricant
fails under extreme pressure
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49. Lubricants that protect against extreme pressure are called EP

lubricants and oils containing additives to protect against extreme pressure

are classified as EP oils. EP lubrication is provided by a number of chemical

compounds. The most common are compounds of phosphorous, sulfur, or chlo-

rine. The compounds are activated by the higher temperature resulting from

extreme pressure, not by the pressure itself. As the temperature rises, EP

molecules become reactive and release phosphorous, chlorine, or sulfur

(depending on which compound is used) to react with only the exposed metal

surfaces to form a new compound such as iron _hloride or iron sulphide. The

new compound forms a protective coating on the exposed metal. Thus, the

protection is deposited at exactly the sites where it is needed. Fatty acids

in the EP oil continue to provide AW protection at sites where wear and

temperature are not high enough to activate the EP agents. Figure 9 gives

graphic representation of how EP and AW agents work together.

C

0

SL I

".

o .2.2

0u Tr
Temperature

Figure 9. Frictional behavior of metal surfaces lubricated
with an oil containing AW and EP agents.

Curve I: paraffin oil; Curve 11: fatty acid; Curve III: E.P.
lubricant which reacts with the surfaces at temperature Tr;
Curve IV: mixture of E.P. lubricant and fatty acid. The fatty
acid provides effective lubrication at temperatures below those
at which the E.P. additive reacts with the metal.
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Elastohydrodynamic Lubrication (EHD)

50. The lubrication of rolling bodies is called elastohydrodynamic

lubrication. This cumbersome wording is conventionally shortened to EHD.

Lubrication for rolling objects (ball or roller bearings) operates on a

considerably different principle than for sliding objects, although the

principles of hydrodynamic lubric .tion explain quite a bit about lubricating

rolling elements. Figure 10 shows that a wedge of oil exiqts at the forward

underside of the bearing. In hydrodynamic lubrication, adhesion of oil to the

sliding element and the supporting surface increases pressure and creates a

film between the two bodies. For rolling elements however, the deformed area

of contact is extremely small and the force per unit area, or pressure, is

tremendous. In a roller bearing, pressure may reach 5,000 lb/sq in.(34,450

kPa). In a ball bearing, pressure may reach 100,000 lb/sq in.(689,000 kPa).

It would seem that the oil would be entirely squeezed from between the wearing

surfaces at these pressures. However, viscosity may increase from 100 to

100,000 times under extremely high pressure. This prevents the oil from being

entirely squeezed out. Consequently, a thin film of oil is present.

51. The roughness of the wearing surfaces plays an important role in EHD

lubrication. Roughness is given as the arithmetic average of the distance

from high to low points of a surface. This is sometimes called the centerline

average (CLA). This average is not a particularly good measure of roughness

because an individual peak to height distance might be as much as 6 to 10

times as large as the CLA. However, no better method has been found to simply

express roughness.

--- QPRESSURI ZED
WEDGE

Figure 10. Area of pressure in a rolling body
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52. The greater the film thickness in relation to roughness, the less

surface asperities will make contact. Engineers use the ratio of film thick-

ness (h) to roughness (CLA) to estimate life of a bearing system. The ratio

is symbolized by the greek letter A (lambda): A = h/CLA where CLA is the

average of both surface CLAs.

53. Full film thickness is considered to exist when the value of A is

between two and four. When full film lubrication exists, fatigue failure is

due entirely to subsurface stress. However, in most industrial applications,

a value of A between one and two is achieved and surface stress occurs (i.e.,

surface asperities undergo stress) and contributes to fatigue. Fatigue is a

major source of wear in antifriction bearings.

54. The relation of bearing life to A is very complex and not always

predictable. However, as a generality, life is extended as A increases.
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PART III: LUBRICATING OILS AND GREASES

The Nature of Oil

55. Petroleum is a mixture of chemical compounds formed from the remains

of ancient animals and plants. It is trapped in porous rock formations and is

usually associated with concentrated saltwater. The majority of petroleum

belongs to the chemical class called hydrocarbons, which are chains of carbon

atoms compounded with hydrogen. The number of carbons may range from 1 (in

methane gas) to well above 50. Hydrocarbons are further broken into three

classes: paraffins, naphthenes, and aromatics. The carbon atoms in paraffins

are aligned in straight or branched chains (Figure ii). Naphthenes are

similar to paraffins except that the ends of the mol-cJle are connected t.o

form closed rings (Figure 12). Arcmatlic.3 also form rings (Figure 13).

However, they contain fewer hydrogen atoms due o double bonding between some

3f the six carbon atoms. Several rings may be fused together.

56. Combinations of these three cla.ss alfto occur. A paraffin may be

connected to a naphthenic ring and through another chain to an aromatic.

Furthermore, only the smallest simple molecules have been shown here tor the

sake of convenience. Petroleum may contain ,olecuLes with up to 50 or more

carbon atoms, and may contain impurities such as metals or compounds of

sulfur, nitrogen, or oxygen.

H H H H H H H H H ' H

I I I I I I I I I I
H G-C-H H-C-C-CC -H H-C- C C C cCH

I I I I I I I I
H H H H H H H H-C-H H H H

Methane Butane I

a gas a gas H- C-HI
H

Ethyl Hexane
o branched paraffin
and a liquid at room

temperature

Figure 11. Paraffin structures
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I H H
H

Cyclohexane Cyclooctone

Figure 12. Naphthenic structures

H H H

C C H
H H

C C CIilI
C- C C
I I
N H H

Behzene Naphthene

a fused aromatic

Figure 13. Aromatic structures

57. There is another class of chemical compounds, the fatty acids, which

were mentioned in Part II, but could not be adequately described at that

point. Some idea of the nature of fatty acids can now be given.

58. Fatty acids are essentially paraffinic chains with a reactive group at

one end (Figure 14). This causes the molecule to attach or adsorb itself to

metal surfaces more strongly than would be true for a simple paraffin. The

chains may contain 15 to 20 carbon atoms.
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Figure 14. A long-chain fatty acid structure

Oil Refining

59. Due to the wide variety of petroleum constituents, it is necessary to

separate petroleum into fractions with roughly the same qualities. This is

accomplished by distillation. The crude petroleum is first mixed with dater

to dissolve any salt. The resulting brine is separated by settling. The

remaining oil is pumped through a tubular furnace where it is partially

vaporized. The components that have a low number of carbon atoms vaporize and

pass into a fractionating column or tower. As the vapors rise in the column,

cooling causes condensation. By controlling the temperature, the volatile

components may be separated into fractions that fall within particular boiling

point ranges. In general, those compounds with the lowest boiling points have

the fewest carbon atoms and those with the highest boiling points have the

greatest number of carbon atoms. This process reduces the number of compounds

within each range and provides different qualities.

60. There are two distinct stages in distillation. The first stage

(described in the preceding paragraph) produces raw gasoline, kerosene, and

diesel fuel. The second stage involves distilling the portion of the first

stage that did nol vol atilize (t ht- rf-; iduum). Lubricating oils are obtained

from the residuum.

61. The residuum is distilled under vacuum so it will boil at a lower

temperaturo. If the temperature is too high, undesirable products are ob-

tained. Distillation of the residuum produices oils of several boiling point

ranges. Again, the higher tho boil ing point, the higher the carbon content of
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the oil molecules in a given range. More importantly, viscosity also varies

with the boiling point and the number of carbon atoms in the oil molecules.

62. This description of refining is, of course, very simplified. Once the

oil is separated into fractions, it must be further treated to remove impuri-

ties, wax, resins, and asphalt. Those oils that have been highly refined are

usually referred to as premium grades to distinguish them from grades of

lesser quality in the producer's line of products. However, there is no

criteria to establish what constitutes premium grade.

63. A broad general scheme of the refining is as follows:

a. Crudes are segregated and selected depending on the types of
hydrocarbons in them.

b. The selected crudes are distilled to produce fractions in the
same general boiling point range.

c. Each fraction is processed to remove undesirable components.
This may include:

(1) Solvent refining to remove undesirable compounds.

(2) Solvent dewaxing to remove compounds that form crystallike
materials at low temperature.

(3) Catalytic hydrogenation to eliminate compounds that would

easily oxidize.

(4) Clay percolation to remove polar substances.

d. The various fractions are blended to obtain a finished product
with the specified viscosity. Additives may be introduced to

improve desired characteristics.

64. Refined lubricating oils are classified as paraffinic or naphthenic

according to which fraction is predominant. This varies with the source of

the crude. Because aromatics are generally undesirable and are removed, they

are seldom mentioned in the product descriptions.

65. Paraffinic molecules tend to form waxy crystallike particles at low

temperatures and elevate the pour point, the temperature at which an oil

cease3 to flow. However, paraffinics have a better viscosity index.

Naphthenics behave in an opposite manner; they do not form waxy particles as

easily and have a lower pour point, but their viscosity index is poor.

Naphthenics are generally reserved for uses where the temperature range is

small and a low pour point is required.
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Additives

66. Even though oil quality is established by the refining processes,

oil can be improved by introducing additives. However, additives alone do

not establish quality with respect to oxidation resistance, emulsification,

pour point, and viscosity index. The additives are most effective if the

oil is well refined. Lubricant producers do not usually state which com-

pound is used in the product; only the generic function is given (e.g.,

antiwear or EP agents, or oxidation inhibitor). Producers do not always use

the same additive to accomplish the same goal. This means that although two

brands do essentially the same job, they may not be chemically identical.

67. An additive nay function in any of the following three ways:

a. It protects the lubricated surface. Extreme pressure
additives and rust inhibitors are in this category. They
coat the lubricated surfaces and prevent wear or rust.

b. It improves performance. Viscosity index improvers and anti-

foaming agents are examples. The oil is made to perform in a
desired manner.

c. It protects the lubricant itself. Antioxidants reduce the

tendency of oil to oxidize and form sludges and acids. The
most common additives are listed in Table I and will be dis-
cussed individually in the following paragraphs.

Rust inhibitors

68. Rust inhibitors are found in most industrial lubricating oils.

Although oil and water do not mix very well, water will become distributed

in oil as molecules, an emulsion (especially if the oil contains polar

compounds that may develop as the oil ages), or as free water (either

suspended by agitation or resting beneath the oil on machine surfaces when

agitation is absent). Rust inhibitors prevent water from making contact

with machine parts by making the oil adhere better or by emulsifying the

water if it is in a low concentration. Some typical rust inhibitors include

alkinylsuccinic acids and their derivatives, alkylthioacetic acid

derivatives, amine phosphates, and amine sulfonates. However, the producer

does not ordinarily report which compound is used.

Oxidation inhibitors

69. Over time, hydrocarb)i molecules will react to incorporate oxygen

atoms into their structure. The resulting oxides may in turn react among
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themselves to form long chain molecules (called polymers) which agglomerate

into sludges and varnishlike substances that coat the machine parts. This

causes overheating and damages the moving parts. At low temperatures and

under minimal exposure to oxygen, this process is very slow. At elevated

temperatures and increased exposure to oxygen, the process takes place in a

shorter period. Oxidation of hydrocarbons is chemically very complex and

depends on the nature of the oil. Additives that reduce oxidation are

available; however, a discussion of how they retard oxidation is beyond the

scope of this report.

Antifoamants

70. In many applications, air or other gases may become entrained in

oil. Unless these gases can be released, a foam is generated. Foam may

displace some of the oil and damage the machinery or cause it to operate

improperly. Silicone polymers or polyacrylates are added to reduce foaming.

Demulsifiers

71. In most industrial applications, it is undesirable to have emulsi-

fied water in the oil. Heavy metal soaps or alkaline earth sulfonates are

often used to prevent emulsification. Some oils contain detergents that

hold contaminants in suspension to prevent them from collecting on working

surfaces. Unfortunately, this also promotes emulsification. If a detergent

oil is mixed with an industrial oil containing a demulsifier, the effect of

the demulsifier will be reduced or neutralized.

Compounded oil

72. If a small amount of animal fat or vegetable oil is added to a

mineral oil, its coefficient of friction will be reduced even though the

viscosity is unchanged. The ability of an oil to provide a lower coefficient

of friction at a given viscosity is often called its oiliness or lubricity.

When fatty oil is added to obtain this quality of oiliness, the lubricant is

called a compounded oil. Fatty oil adheres to metal more strongly than

mineral oil and provides a protective film. Compounded oils are generally

used in worm gears.

Antiwear agents

73. Fatty acids that cause an oil to resist wear by coating the metal

surfaces with a layer of the added compound are called antiwear agents.

Molecules of the compound are polar and attach (adsorb) themselves to metal
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surfaces or react mildly with the metal. When boundary wear (direct contact

between metal asperities) occurs, these molecules resist removal more than

ordinary oil molecules. This reduces friction and wear. However, they are

effective only up to about 4800 F (2500 C).

Extreme pressure agents

74. Extreme pressure agents react with the metal surfaces to form

compounds that have a lower shear modulus than the metal. This reduces fric-

tion, wear, and possible galling. The reaction is initiated by increased

temperature caused by pressure between asperities on wearing surfaces.

Consequently, the reaction creates a protective coating at precisely the

points where protection is required. Extreme pressure additives are used in

cases of heavy loading or shock loading.

Pour point depressants

75. An oil's pour point is the temperature at which an oil ceases to

flow under the influence of gravity. In cold weather, oil with a high pour

point makes machinery startup difficult, if not impossible. The stiffness

of cold oil is due to paraffin waxes that tend to form crystallike

structures. Added polymethacrylates will modify the crystallike structure

and reduce the pour point.

Viscosity index (VI) improvers

76. The viscosity index is an indicator of the increase or decrease in

viscosity as the temperature is changed by a given amount. The higher the

VI, the less the viscosity of an oil changes for a given temperature

change. Thus, viscosity index improvers raise the index. These improvers

have long chain molecules that coil up when cold and have little effect on

the viscosity of thin oil. When heated, they uncoil and interact with the

oil to increase viscosity. A thin oil required for cold weather operation

is too thin for proper lubrication at high temperatures. The improver

increases viscosity at higher temperatures. The overall effect is less

change in viscosity for a given change in temperature.

Tackiness agents

77. In some cases, an oil must adhere to surfaces extremely well.

Adding polymers composed of long chain molecules or aluminum soaps of long

chain fatty acids increases the tackiness or adhesiveness of an oil.

27



Synthetic Oils

78. Only a few synthetic oils were listed in the lubricant survey con-

ducted during this research. Although there is no widespread preference for

these lubricants, they have characteristics that are superior to ordinary

mineral oils. Consequently, it would not be surprising if a manufacturer

recommended synthetic oil in special cases.

79. Synthetics perform better than mineral oils in the following

respects:

a. Better oxidation stability or resistance.

b. Better viscosity index.

c. Much lower pour point, as low as -500 F (-90 C).

d. Lower coefficient of friction.

80. These features are most valuable at either very low or very high

temperatures. Good oxidation stability and a lower coefficient of friction

permits operation at higher temperatures. The better viscosity index and

lower pour points permit operation at lower temperatures.

81. The greatest drawback to using synthetics is their higher cost.

Some people in the oil industry believe there is no cost justification for

using synthetics between 32' F (00 C) and 3500 F (1750 C).

Greases

Description of grease and grease lubrication

82. Grease is not just a very thick oil, it is a mixture of a fluid

lubricant, a thickener, and other additives. The fluid in 99 percent of

grease products is a mineral oil. Thickeners are usually soaps. Although

these are the most common ingredients, other ingredients used are listed in

Table 2.

83. Grease and oil cannot be substituted. Machinery designed for use

with oil requires a costly system to keep the oil distributed on lubricated

surfaces. Grease, by virtue of its rigidity, tends to stay in place with less

costly retention devices. However, grease does not dissipate heat as well as

oil, nor does it carry away contaminants by circulation like oil. The choice
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of an appropriate lubricant depends on the operating temperature and the

machinery design.

84. The thickeners in grease do not provide lubrication but they help

the lubricant stay in place. Grease functions in the following three ways:

a. Serves as a reservoir that releases a lubricating film to the
wearing surfaces.

b. Acts as a seal to prevent the lubricant from running off the
wearing surfaces.

c. Serves as a temperature-regulated feeding device. If the film
between wearing surfaces thins, the resulting heat will soften
the adjacent grease which will expand to restore the film.

85. Grease performs somewhat like a liquid and somewhat like a soft

solid. Grease offers a resistance to flow, but once moving and being sheared

between wearing surfaces, this resistance to flow is reduced. The amount of

reduction depends mostly on the viscosity of the oil in the grease.

86. The use of grease as a lubricant has limitations. For example, in

hydrodynamic lubrication, the wearing surfaces do not meet except at startup;

wear is minimal. Because this method of lubrication requires a fluid lubri-

cant, grease cannot be used. Another limitation is that because grease is not

fluid, it cannot dissipate heat through convection. Thus, it invites heating

especially at high speeds where its use is limited.

Penetration and NLGI (National Lubricating
Grease Institute) numbers

87. Because the most important feature of a grease is its rigidity (or

consistency), a method to measure this quality is needed. The measure of

consistency is called penetration. To measure penetration, a cone of given

weight is allowed to sink into a grease for 5 seconds at a sLandard tempera-

ture of 77' F (250 C). The depth in millimeters to which the cone sinks is

the penetration of the grease. A low penetration means the grease is hard. A

penetration of 100 millimeters would represent a very hard grease while one of

450 millimeters would be very soft. Table 3 lists the NLGI grease classifi-

cations.

Bleeding

88. Bleeding is a condition when the oil in a grease separates from the

soap thickener. It is induced by higher temperatures but it also occurs

during long storage periods.
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Temperature effects

89. High temperatures are more harmful to grease than to oil. Crease

lubrication depends on the grease's consistency to hold it in place. High

temperatures induce softening and bleeding (separation of the oil). Also, the

oil in grease may flash, burn, or evaporate at temperatures above 3500 F

(1750 C). Some grease, calcium soap grease for example, contains a small

amount of water that provides a thickener structure. Temperatures above 165

to 1750 F (73 to 790 C) will result in dehydration and loss of structure.

90. A second harmful factor related to high temperature is excessive

oxidation. Since grease is a soft solid it cannot dissipate heat by

convection like a circulating oil. Consequently, if a small hot point exists,

the heat is not carried away and the excessive temperature can cause oxidation

or even carbonization. The grease can harden or form a crust.

91. If the temperature of a grease is lowered enough, it will become so

viscous that it can be classified as a hard grease. Machinery operation may

become impossible. The temperature at which this occurs depends on the shape

of the lubricated part and the power being supplied to it. Producers' speci-

fications seldom indicate the lowest operating temperature, but the maximum

operating temperature is either given on the container or can be obtained upon

request.

Dropping point

92. As the temperature of a grease increases, the penetration increases

only modestly until a point is reached where the grease quickly liquifies and

the desired consistency is lost. The temperature at which this occurs is

called the dropping point. It is possible that the grease will not regain its

original structure after cooling. The dropping point is not the maximum

temperature at which a grease may be used. The maximum operating temperature

is below the dropping point. Appendix B lists the dropping points, maximum

usable temperatures, and other information on greases.

Effects of water

93. Grease is affected by water to the extent that a soap/water lather

may suspend the oil in the grease. Sodium greases change the most; calcium

and lithium greases change the least. Calcium, lithium, and aluminum soaps

are water insoluble, but as a grease is worked during lubrication, some of the

oil and soap may become emulsified and wash away.
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Shear stability

94. As a grease is mechanically worked or sheared between wearing sur-

faces, the consistency may change. The ability of a grease to maintain its

consistency when worked is called its shear stability or its work stability.

Pumpability and slumpability

95. Pumpability refers to the ability of a grease to be pumped or pushed

through a system while slumpability or feedability refers to its ability to be

drawn into (sucked into) a pump. Fibrous greases Lend to have good teeda-

bility but poor pumpability. Buttery-typc greases tend to behave conversely;

good pumpability but poor feedability.

Migration

96. The oil in a grease can migrate through the thickener network under

certain circumstances. If grease is pumped though a pipe, as in a centralized

lubrication system, and encounters a resistaiice to the flow, the grease may

form a plug. In this case, the I~il may continue to flow and migrate through

the thickener network. This separatiorn of the oil from the thickeners results

in increased plugging.

97. If two different greases are in contact, the oils may migrate from

one grease to the other and change the structure of the grease. Therefore, it

is unwise to mix two greases. Although greases are compatible in many cases,

this is not always true. If a grease must be replaced, the old grease should

be removed as much as possible.

Contaminants

98. Greases tend to hold solid contaminants on their outer surfaces and

protect lubricated surfaces from wear. If the contamination becomes excessive

or eventually works its way down to the lubricated surfaces, the reverse

occurs; the grease retains abrasive materials at the lubricated surface and

invites wear.

Complexes

99. A "complex" grease is made fr-"n a salt of the named metal instead of

the hydroxide of the metal. This method provides added wear resistance.

Generally grease prepared by this method is referred to as multipurpose

grease.
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Calcium grease

100. Calcium grease, or lime grease, is one of the oldest grease prepa-

rations. It is prepared from inedible tallow or animal fat and a small amount

of water (about 3 percent). The water is required to modify the soap

structure so it can absorb mineral oil. Thus calcium grease is sensitive to

elevated temperature. At temperatures above 160 to 1750 F (70 to 790 C),

dehydration occurs and the structure is lost. In spite of the temperature

limitations, lime grease has good water-resistance qualities and is still used

today. If a calcium grease is prepared from 12-hydroxystearic acid, the upper

temperature limit is raised into the 230' F (1090 C) range.

101. Calcium complex greases, prepared by adding the salt calcium

acetate, provide extreme pressure characteristics without the use of an

additive; however, EP additives may be included anyway. Dropping points as

high as 5000 F (2570 C) can be obtained and the maximum usable temperature

can be increased to approximately 350' F (175' C).

102. Due to the good water-resistance qualities and relatively low cost,

normal (not complex) lime grease is used where water is present and

operating temperatures are low. Of course, a calcium complex grease would

perform at higher temperatures but the water resistance is Less than that of

lime preparations and the cost is higher. Rust and oxidation resistance in

calcium complex grease is poor, but it can be improved with inhibitors.

103. Calcium greases are not widely used at Corps hydraulic installa-

tions; only three instances were reported.

Sodium grease

104. Sodium grease was developed to overcome the disadvantage of a low

required operating temperature for calcium grease. Essentially, it is the

opposite of calcium grease; it can be used at temperatures up to 2500 F

(1200 C) but is very susceptible to the effects of water. Sodium is

sometimes mixed with other metals, especially calcium, to improve water

resistance. In spite of the declining use of sodium grease, it is still

recommended for use in certain heavy-duty applications and in some well-

sealed electric motors.

105. Although none of the surveyed Corps hydraulic installations

reported using sodium grease, two installations reported using sodium-

calcium grease.
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Soap Thickeners

106. The characteristics of grease (excluding the additive effects)

depend to a large extent on the included soap (Table 4). Soap thickeners do

more than provide consistency to grease. They may affect the amount of an

additive required to obtain a desired quality or they may impart a desired

quality due to their presence alone. Therefore, it is important when

selecting a grease to be aware of the influences of soaps.

Description of soap

107. Soap is created when a long-chain fatty acid reacts with a metal

hydroxide. The metal is incorporated into the long carbon chain and the

resultant compound develops a polarity. The polar molecules tend to form a

fibrous neLwork that holds the oil. Thus, a somewhat rigid material, or

gel, is developed. Of course, when soap and oil are combined to form

grease, concentration of the soap can be varied to obtain different grease

thicknesses. Furthermore, the viscosity of the oil will also affect the

thickness of the grease.

Conventions in naming soaps

108. The most common method of designating a soap thickener is to use

the metal from which the soap is prepared (calcium, lithium, etc.). Because

soap qualities are also determined by the fatty acid from which the soap is

prepared, not all greases made from soaps containing the same metals are

identical.

Aluminum soaps

109. Normal aluminum grease is clear and somewhat stringy. When heated,

this stringiness incrpases, producing a rubberlike substance that pulls away

from metal surfaces and reduces lubrication. Because of this quality,

operating temperatures are limited to less than 1750 F (790 C). Aluminum

grease has good water resistance and inhibits rust without additives, but it

tends to be short lived and has relatively poor shear stability.

110. Aluminum complex grease is comparable to other complex greases but

is not widely used. However, several Corps hydraulic installations reported

using aluminum complex grease.
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Lithium soaps

111. Compared to other soaps, lithium is by far the most popular. The

normal grease contains lithium 12-hydroxystearate. This grease has a dropping

point around 4000 F (2020 C) and can be used at temperatures up to about

2750 F (1340 C). It can also be used at temperatures well below zero. It has

good shear stability and a relatively low coefficient of friction, which

permits higher speeds. It has good water resistance, although not as good as

calcium or aluminum. It greatest disadvantage is that it does not naturally

inhibit rust, but rust prevention can be obtained through additives.

112. Complexed lithium grease is generally considered to be the nearest

thing to a truly multipurpose grease and is used extensively at Corps

hydraulic installations.

Other soaps

113. Barium and lead soaps are also used in grease. Although leid

provides extreme pressure characteristics without additives, concerns with

lead toxicity probably will reduce use.

Other Thickeners

114. As indicated by Table 2, thickeners other than soaps are available.

Although most of these are restricted to very special applications, two are

worthy of mention. Polyurea grease has outstanding resistance to oxidation

because it contains no metal soaps that tend to invite oxidation. The drop-

ping point and maximum operating temperature are close to those of multipur-

pose greases but the shear stability is poor and rust inhibitors are required.

It is generally used with all types of bearings but has been particularly

effective in ball bearings.

115. Organo clay grease has outstanding temperature resistance. The

maximum operating temperature for this grease is limited by the included oil

which can flash, evaporate, or burn at temperatures above 3500 F (1750 C).

However, many of the multipurpose greases may be operated above this tempera-

ture for short periods if the grease is changed after an hour or so. The

limiting factor then becomes the dropping point. Since clay does not melt at

low temperatures, it can be used at temperatures near 5000 F (2570 C) for

short periods. Organo clay grease also has excellent water resistance but in

other respects it does not perform better than other greases.
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PART IV: SELECTING LUBRICANTS

Classifications and Specifications

116. The fundamental key to selecting a lubricant lies in being able to

interpret what the producer says about the product and being aware of con-

ventions in classifying oils. Without such a background, it is virtually

impossible to make a reasonable selection or substitution.

117. Professional societies and organizations have established classifi-

cations for oil and grease. The most widely encountered systems are those of

the following organizations:

* SAE (Society of American Engineers)
* AGMA (American Gear Manufacturers Association)
* ISO (International Standards Organization)

* NLGI (National Lubricating Grease Institute)

Oil classification

118. Oil is normally classified by viscosity grade, additives, use, as

nonspecialized, or by the producer's brand name.

a. Classification by viscosity grade. This classification is the
most common method of describing an oil. The most common

classification systems are those of the SftE, AGMA, and ISO.
Each organization uses a different kinematic viscosity range

numbering system. Appendix A lists these systems and contains

a conversion chart.

b. Oil classification by additives. Oil may be further classi-
fied by the additives as follows:

* nhibited or R&O (rust and oxidation inhibited)

* AW (antiwear)
* EP (extreme pressure)

* Compounded

* Residual

(1) The first three classes require no explanation; they
contain the indicated additives. Compounded oil contains
from 3 to 10 percent of an acidless animal fat or

tallow. It is also called steam cylinder oil. The added
fat reduces the coefficient of friction in situations
where an extreme amount of sliding friction occurs. A
very common use would be in worm gear systems. Com-

pounded oil may be composed of either a normal mineral
oil or a residual oil depending on the desired viscosity.

(2) Residual oiL is that which remained as residuum after the

lighter oil was distilled off during refining. It
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contains a relatively high proportion of asphalt which
makes it adhesive. It is often used for open gear
systems (tackiness agents are added to increase adhe-
sion). Often, open gear compounded oil is so heavy a
solvent is required to soften it for application. (The
solvent evaporates after application.) This heavy oil
should not be confused with grease. Residual oil with
lower viscosity is also used in many closed gear
systems. Compounded oil may contain residual oil if the
desired viscosity is high.

c. Classification by use. Classification according to use arises
because refining, additives, and type of petroleum (paraffinic
or naphtheric) may be varied to provide desirable qualities
for a given application. Some of the more common uses are:

* Engine oils
* Marine engine oIls
* Aircraft oils
* Quench oils (used in metal working)
* Cutting oils (coolants for metal cutting)
* Paper machine oils
* No-drip-oils (textile and food handling machinery)
* Insulating oils
" Way oils
" Wire rope or chain lubricants

Some of these are very specialized oils and only two,
insulating oils and wire rope or chain lubricants, have been
identified at Corps hydraulic installations. Of course,
engine oils are used in automotive applications.

d. Nonspecialized industrial oil. It is difficult to find a
specific name in petroleum terminology to refer to this
category. Consequently, this term has been selected to
describe those oils which are not formulated for a special
application. (Producer literature often uses the term general
purpose oil.) Nonspecialized industrial oil is generally
divided into two categories: general purpose and EP gear
oils.

(1) General purpose oils contain R&O additives, AW agents,
antifoamants, and demulsifiers. They may be used in
almost any mechanical application if a specialized oil is
not required. Their ISO viscosity ranges from about 32
to around 460. These oils are often referred to as R&O
oils or hydraulic oils even though they may contain other
additives and are not intended exclusively for hydraulic
use. Some of these oils are more highly refined and
provide longer life and better performance than others.
These are usually referred to as turbine oils or premium
grades. Although used in turbines, the name turbine oil
does not mean it is restricted to use in turbines; it
refers to the quality of the oil.
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(2) EP gear oils generally hdve a higher viscosity range,
from about ISO grade 68 to around 1,500. These may be
regarded as general purpose oils with EP additives.
Although these oils are probably more commonly used in
gear systems, they can be used in any application where
their viscosity range and additives are required. Gear
oils should not be confused with SAE gear oils which are
formulated differently and are not discussed in this
study.

e. Producer brand names. Oil pronucers often identify their
products by whimsical namer which may or may not indicate one
of the standard classifications. Triol 771, a product of
Imperial uil and Grease Company, :ells nothing ot its class,
but Conoco's DectoL R&O Oil 12 indicates it is an R&O oil with
an tSO viscosity of 32. Regircless of how much information
may be reflected in the braia or it is never enough to 7.ake
a selection. A user must refer to information brochures
provided by prod.,cers to deterie th- intended use. addi-
tives, and specitication .

Producers' oil brochures and _uecifications

119. Oil producers provide prcducL information in brochures, booklets,

or on the oil container. Although the amount rf inform;ition varies, the

format generally includes the intended use, rhe additives and oil type %'i.e.,

paraffinic, naphthenic, synthetic, compourded, etc.), and the specifications.

120. Some producers may identify the product by its usage classification

although they may not use the same names given in this report. Others may

simply give the machinery classes where The product can be used. Often, both

methods of identification are used. (See the three tact sheets for Conoco's

Redind, Dectol, and Turbine oils in Appendix C.) Intended use can be

misleading. All three of the Conoco oils c in be u-,d for electric motors and

general purpose applications, but not a!l three a'e LV be used throughout the

machinery. Redind oil contains no oxidation inhibitors and is intended for

use where the oil is frequently repliced. The Dectol line is an R&O oil with

the usual antifoaming and demulsifying agents. AW agents are also included.

The Turbine oil is similar to Dectol except that the refining method and

additive package provide greater protection. One Turbine viscosity grade, ISO

32, is treated to resist the effects of hydrogen used as a coolant in

generators.

121. Producers do not unally list additives, instead, they indicate

characteristics such as good antiwear cualities, goo' water resistance, or
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good oxidation resistance. The user can assume that since oil does not

naturally have such qualities to a desirable extent, an agent has been added

to obtain the given quality. Product literature also gives the oil type

(i.e., paraffinic, naphthenic, residual, compounded, or synthetic).

Producer specifications

122. Producer specifications amount to a certification that the product

meets or exceeds listed physical characteristics in terms of specific test

values. The magnitude of chemical impurities may also be given. Producers

vary somewhat in the amount of information in their specifications. However,

kinematic viscosity (centistokes) at 104 and 2120 F (40 and 100' C), SUS

(saybolt viscosity) at 100 and 210' F (37 and 98' C), API gravity, pour point,

and flash point are generally listed. Other physical and chemical measure-

ments may also be given if they are considered to influence the intended

use. Appendix C contains typical specifications for oils.

Grease classifications

123. Grease is classified by penetration number and by soap or other

thickener. Penetration classifications have been established by NLGI and are

given in Appendix A. ASTM test D 217 is the standard for performing penetra-

tion tests. A penetration number indicates how easily a grease can be fed to

lubricated surfaces (pumpability) or how well it remains in place. Although

no method exists to classify soap thickener, the producer indicates which soap

is in the product. The soap thickener indicates probable water resistance and

maximum operating temperature and gives some idea of pumpability. Although

these are important factors, they are not the only ones of interest. These

simple classifications should be regarded as starting requirements to deter-

mine a group of appropriate grease types. The final selection must be made on

the basis of other information provided in the producer's specifications.

Viscosity of the oil included in a grease must also be considered.

Producer grease brochures

124. Producers also provide information and specifications for grease.

Grease specifications normally include soap thickener, penetration, included

oil viscosity, and dropping point. The producer may also include water

washout or wear test information.

125. Grease additives are nit usually given unless solid additives such

as molybdenum disulfide or graphite are included. If solid additives are
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used, the producer will often state this emphatically and the product name

may indicate the additive.

Principles of Selection

Manufacturer recommendations

126. Selecting a lubricant is not a straightf-rward singular act; it is

a combination of approaches that have developed over time. The prime con-

siderations are film thickness and wear. Although film thickness can be

calculated, the wear properties associated w ,h different Lubricants are

more difficult to assess. ubricants are normally tested by subjecting then

to various types of physical stre-s. However, thes, tesrs do not compleLely

indicate how a lubricant will perform in service. Experience has probably

played a larger role than any other single criterion. Machine manufacturers

have learned which classes of lubricants will perform well in their

products.

127. Professional soc.'ties have eotablished spccifications and classi-

fications for lubricants to be used in a given mechanical application. For

example, the AGMA has established specifications 250.04 and 251.02 for

enclosed and open gear systems, respect-ly. Such specifications have been

developed from the experience of the society's membership for a wide range

of applications. Thus, any manufacturer has access to the collective

knowledge of many contributors.

128. The manufacturer's recommendation should not necessarily be con-

sidered the best selection. The concept of best selection is unrealistic.

in spite of a consensus regarding what iubrican,_ to use in a given applica-

tion, individual manufacturers may have different opinions based on their

experience and equipment design. However, the manufacturer is probably in

the best position to recommend a lubricant. This recommendation should be

followed unless it fails to perform satisfactorily.

129. A manufacturer generally does not recommend a single specific brand

name. Physical qualities (such as viscosity or penetration number), chemi-

cal qualities (such as paraffinic or naphthenic oils), or test standards are

specified. However, a number ot brands that meet the manufacturer's speci-

fications may be cited.
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Producer recommendations

130. Since manufacturers specify appropriate lubricants for their

products in terms of specifications or required qualities rather than par-

ticular brand names, the user is faced with identifying which brands meet

the requirements. By following directions given in Part IV, the user should

be able to identify appropriate products. However, it is better to consult

with the lubricant producer to obtain advice on which products most closely

meet the specifications.

131. Many lubricant producers maintain technical staffs (product

engineers) to advise users in selecting lubricants and answer technical

questions regarding lubricants. Given a manufacturer's description and

lubricant specification, product engineers can identify which of their

company's lubricants meet the manufacturer's specifications. A producer may

carry several products that meet specifications, but one might be of premium

quality and carry a higher price or be intended for some special use that

would not be of benefit to the user. Furthermore, the user might be

operating the equipment under unusual or unique circumstances that could

impose additional requirements unforeseen by the manufacturer. In effect,

the product engineer converts the manufacturer's specifications into an

appropriate brand based on the user's specific circumstances.

132. The producer not only supplies lubricants, but serves as an impor-

tant link between the equipment manufacturer and user. In effect, the

producer interprets the manufacturer's intentions and provides advice when

specifications are absent or when a lubricant does not perform satisfactorily.

User selection

133. The user should ensure that certain criteria are met regardless of

who makes the selection. The selection should be in the class recommended by

the machinery manufacturer (i.e., R&O, EP, etc.) and be in the same base stock

category (paraffinic, naphthenic, or special synthetic). Furthermore,

physical and chemical properties should be equal to or better than those

specified by the manufacturer. Viscosity should be exactly the recommended

grade. If a recommendation seems unreasonable, the user should question the

suitability of the manufacturer's recommendation or ask a different lubricant

producer for a recommendation.

40



134. Generally, the user should follow the manufacturer's specification.

If the manufacturer's specifications are not available, which lubricant was in

use? Did it perform satisfactorily? If it performed well, continue to use

the same brand. If that is not feasible, select a brand with specifications

equal to or better than those of the brand previously used. If a previous

lubricant performed poorly, it is probably best to rely on the recommendation

of a product engineer or possibly get several recommendations.

135. Generally, the user will make a selection in either of two possible

situations:

a. He will substitute a new brand for one previously in use.

b. He will select a brand that meets the manufacturer's specifi-
cations. This will be accomplished by comparing producer's
specifications with those of the manufacturer.

136. In either case, the selection starts by using a substitution list.

Most lubricant producers maintain such a tabluation but use different names.

A substitution list usually gives the products of major producers and an

equivalent lubricant of the publishing producer which he maintains has

comparable specifications.

137. Substitution lists are useful but they have their limitations. They

are not subdivided by classes of lubricants. Furthermore, it is difficult to

do more than compare a lubricant of one producer with one given by the pub-

lishing producer. For example, a Conoco substitution list can be used to

compare Quaker State products with Conoco or Shell with Conoco, but comparing

Quaker State and Shell cannot be done unless Conoco has a product equivalent

to products of both Quaker State and Shell. A user would need substitution

lists from many producers to be able to effectively select more than one

option. Many producers claim they do not have a list or are reluctant to

provide it.

138. The publishers of Plant Engineering have prepared a universal list,

the PE list. The PE list correlates products of over 100 producers by class

of lubricant (Appendix D).

139. Although substitution lists are helpful, they cannot solve user's

problems in making a selection. A substitution list is valuable because it

correlates the array of whimsical brand names used by producers. Furthermore,

it eliminates producers who do not have the desired product in their line. A
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substitution list should be regarded as a starting tool to quickly determine

likely products. The lists do not imply that lubricants listed as being

equivalent are identical. The lists do indicate that the two lubricants are

in the same class, have the same viscosity, and are intended for the same

general use. Selection must finally be made from information brochures

provided by the producers.

140. The user should use the producer's brochure to determine the fol-

lowing:

a. The viscosity is the one recommended by the manufacturer or is
the same as a previously used lubricant that performed well.
When a grease is considered, the viscosity of the included oil
should be the same as the previous lubricant.

b. The intended use given by the producer corresponds to the
application in which the lubricant will be used.

c. The class of lubricant is the same as that recommended by the
manufacturer or the same as a previously used lubricant that
performed well. if the manufacturer recommended an R&O or EP
oil or a lithium No. 2 grease, that is what should be used.

d. The specifications should be equal to or better than those
recommended by the manufacturer or those of a previously used
lubricant that performed well.

e. The additives should perform the required function even though
the additive may not be chemically identical in several
possible lubricants.

Using the PE substitution list

141. Each class on the PE list is divided by horizontal lines and is

further broken into viscosity grades under the column marked ISO viscosity

grade. The ISO grading system is most common for industrial oils. Use

Appendix A if you wish to convert to SAE or AGMA equivalents. The column

marked Viscosity, SUS at 1000 F (370 C) indicates the viscosity range in SUS

for a given ISO grade. For example, the viscosity of an ISO grade 150 can be

anywhere between 135 and 165 SUS at 1000 F (370 C). The viscosity is usually

near the midpoint (in this case 150 SUS). The numbers in the PE designation

refer to the midpoint SUS. Products are available in viscosities not given on

the PE list. For example, Exxon's Spartan EP line has viscosities ranging

from ISO 68 to 2200, not just the ISO 68 and 320 given in the PE list. The

same is true for other classes in the PE list.
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142. The classes of oil are indicated under the column marked Lubricant

Type. Three of the classes, fire resistant hydraulic oil, spindel oil, and

way oil were not indicated in the Corps survey as being used. One of the last

three classes on the list is a special preparation for open gears and the

other two are classes of grease.

143. The remaining four classes (hydraulic and general purpose oils, AW

hydraulic oils, gear oils, and EP gear oils), are best described by comparison

with the nonspecialized industrial oils discussed earlier. Nonspecialized

oils contain a category called general purpose oils. This term is also used

in the PE list. To prevent confusion, the PE general purpose category will be

referred to as the first PE group (which denotes its position in the list).

Both the first PE group and the PE gear oils correspond to general purpose

oils. Gear oils, as used in the PE list, refer to oils with a higher vis-

cosity that would most likely be used in gear systems. Note that the same

brand names appear in both categories and that they differ only in viscos-

ity. However, both of these categories differ from the previously described

general purpose oil in that the additives may not be the same. In most cases,

the first PE group and PE gear oils are exactly the same as general purpose

oils. However, in some cases, brand names indicate EP additives have been

included. In other cases, AW is given instead of R&O. This raises the

possibility that R&O additives are not present. AW hydraulic oil is a general

purpose oil but its antiwear properties are sufficient to pass the Vickers

vane test for hydraulic applications when this is required.

144. The EP gear oils should correspond to those described under nonspe-

cialized industrial oils except that EP additives are included and viscosities

may be as high as ISO 2200. The PE classification of gear oil should not be

confused with the SAE gear oil classification which is for use in automotive

gear systems. SAE gear oils are formulated differently and are not discussed

in this study.

145. Since grease preparation varies greatly among producers, only two

types are given in the PE list: No. 2 Lithium EP and molybdenum disulfide EP

No. 2. These are the two most widely used industrial greases. The name

molybdenum disulfide to designate lubricant type does not reflect the type of

soap, but it will usually be lithium. While both types are intended to
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provide extra protection against wear, one contains EP additives and the other

contains molybdenum disulfide.

146. Although the Corps generally uses lithium greases (60 to 70 percent

of the time), calcium, aluminum, polyurea, and sodium calcium are also used.

Furthermore, the survey indicated that greases ranging from NLCI 00 to No. 3

are being used; about 65 percent of No. 2 and 20 percent of No. 1. Conse-

quently, in many cases, the PE tables will not be useful for selecting

greases.

147. The cling-type gear shield lubricants are residual oils to which a

tackiness agent has been added. They are extremely adhesive and so viscous

that solvents are added to permit application. After application, the solvent

evaporates leaving the adhesive viscous material. Some products contain no

solvent and must be heated to reduce viscosity for application.

148. Compounded oils are not included in the list as a separate class.

When these oils are required, producers must be contacted directly.

149. In cases where the PE list cannot be used, the most simple process

is to contact product engineers and ask for product brochures. By obtaining

the recommendations of several preferably large and reputable producers, a

user can critically evaluate the recommendations.

Lubrication of Machinery Components

150. Instead of considering lubrication for an entire complex mechanical

system such as those found at Corps hydraulic installations, it is more

feasible to address lubrication for the individual mechanical components. To

begin with, R&O additives are so common today and specified by so many manu-

facturers, using lubricants without them would be unjustified. Introducing an

oil without R&O additives into a stocking system would probably do no more

than increase the possibility of accidentally adding the wrong lubricant.

Journal bearings

151. A journal bearing is the sleeve fitted around a rotating shaft (the

journal) to provide a wearing surface. The terms sleeve bearing and plain

bearing are also used. Journal bearings may be lubricated with either oil or

grease. If oil is required, a wear resistant general purpose R&O oil of

recommended viscosity, with antifoaming and demulsifying agents, is often
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sufficient. If severe or shock loading is involved, an EP oil may be

recommended.

152. Generally, oil is better than grease as a lubricant for journal

bearings. Where clearance between a journal and its bearing is relatively

large, speed is low, and shock loading is involved, grease is used. NLGI No.

2 or No. 1 are most commonly used. Since there is a relatively large contact

area in journal bearings, from which heat is not easily transferred, NLGI

grease numbers greater than No. 2 are not commonly used.

153. Flexible plate thrust bearings are closely related to journal

bearings in that they, like some journal bearings, are hydrodynamically

lubricated. A well-refined general purpose R&O oil of recommended viscosity,

with antifoaming and demulsifying agents, is the universal lubricant, but in

some cases premium or turbine quality oil may be recommended. The use of EP

agents is not required for hydrodynamic operation since wearing surfaces are

completely separated by the oil film.

Antifriction bearings

154. Antifriction (ball or roller) bearings are lubricated with either

oil or grease as designated by the manufacturer. These bearings function on

the elastohydrodynamic principle and depend more critically on viscosity to

maintain film thickness. Because viscosity varies with temperature, it is

the viscosity at operating temperature that is important, not the published

viscosity based on standard temperatures. Most manufacturers follow the

guidelines listed in Table 5.

155. The question that remains, however, is: "Which standard viscosity

will have the required viscosity at the temperature of operation?" The

manufacturer ordinarily provides this information, but producers can also

provide the information.

156. Rust is particularly damaging to antifriction bearings which depend on

extremely smooth surfaces to provide prolonged life. Even very small rust

pits reduce smoothness and the life of a bearing. Consequently, it is impor-

tant that an antirust additive be included in the selected oil. A well-

refined general purpose R&O oil with antifoaming and demulsifying agents will

ordinarily be recommended. EP additives are used when the machine is fre-

quently stopped and started, when heavy or shock loading is present, or when

sliding motion is excessive. Otherwise, they are not usually required.
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157. Because of the variety of greases found in the market today, grease

selection is more difficult than oil selection. As always, the manufacturer's

recommendation should be followed. When the recommended grease is not avail-

able, a substitute is required. NLGI No. 2 is the most commonly used grease.

If low ambient temperatures are involved, No. 1 may be recommended, and if the

grease is dispensed from a central system, No. 0 may be recommended. For higher

speeds, No. 3 or even No. 4 may be required. Grease containing a lithium

complex thickener is most frequently used, and if there is no other recom-

mendation, Lithium No. 2 is the best to start with. Calcium complexed greases

may be recommended, especially where water is a likely contaminant. Sodium

greases are seldom recommended, and they resist water very poorly. Because of

the critical role viscosity plays in EHD lubrication, particular attention

should be given to the viscosity of the oil in the grease.

158. Rust and oxidation inhibitors should be included in a grease for

the same reasons they are included in oil used in antiwear bearings. Solid

EP additives, such as molybdenum disulfide or graphite, are often included

in grease intended for heavy duty use. These substances are of no substan-

tial benefit in antifriction bearings but they are not detrimental either.

Gears

159. Oil is ordinarily preferred for both open and closed gears, but the

oil for open gears is a heavy residual oil that often contains tackiness

agents and is extremely adhesive. Gear oil should not be confused with

grease. Grease is also used for gear systems but most designers avoid grease

unless there is some special reason. Table 6 lists appropriate lubricants for

various gear types and loads.

160. Because of the wide differences in configuration and application, it

is difficult to make broad generalizations regarding lubrication for enclosed

gears. Viscosity recommendations cover a broad range and the use of EP

additives depends entirely on the gear's design. The AGMA prepared specifi-

cation 250.04, Lubrication of Industrial Enclosed Gear Drives. Although

selection cannot be made entirely on this publication, it should provide a

reasonable guide when no better recommendation is available. A portion of

this publication is given in Appendix E.

161. Open gears are usually lubricated with heavy residual oil containing

tackiness agents. These lubricants are extremely adhesive and tend to collect
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dust and sand particles that can build into an abrasive cake. In extremely

dusty environments, this problem can become severe. A common remedy is to

clean the gears using an agent such as Stoddard solvent. However, some

producers feel there is an alternative. They suggest that, in some cases, an

NLGI No. 2 grease with a tackiness agent and an EP additive can be used. The

theory is that the lighter consistency of No. 2 grease allows particles to be

flushed from between the gear teeth instead of forming a cake. AGMA Specifi-

cation 251.02, Lubrication of Industrial Open Gearing, provides information to

help select an appropriate product. A portion of this publication is given in

Appendix E.

162. Worm gears involve a much greater degree of sliding motion than other

types of gears. Bronze is most commonly used for the worm because it has a

naturally low coefficient of friction. To further reduce friction, compounded

oils are used. EP additives may also be recommended. The contact area in

worm gears is greater than in other types of gears. Although this reduces the

load per unit area, worm gears tend to operate at higher temperatures than

other gear types. Consequently, oil for worm gears is heavy bodied. Oil

suitable for worm gears is commonly classed as a heavy bodied steam cylinder

oil.

Electric motors

163. Either plain bearings (sleeve) or antifriction bearings may be foind

in electric motors. Previous discussion about selecting lubricants for these

bearing types also applies to electric motors. However, manufacturers and

producers strongly emphasize that the level of lubricant in electric motors is

very critical. In many cases, motors that are equipped with plain bearings

and use oil are ring lubricated. If the oil level in the reservoir is so low

that the ring does not dip into the oil, the bearings will be starved and

damaged. If the reservoir is too full, the oil might get into the windings

and cause damage. If grease is used for antifriction bearings, excessive

grease may cause churning and undesirable heating.

Hydraulic systems

164. Although viscosity is always the most important consideration in

selecting an oil, it is particularly true in hydraulic systems. Selection

depends largely on the type of pump that is used in the system. Gear pumps

use relatively heavy oils while vane pumps use lighter oils. If the viscosity
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is too low in either case, "chattering" may occur. No generalization can be

made regarding viscosity for piston pumps; it varies over a wide range.

165. Oil for a hydraulic system should be heavy enough to seal spaces

between the pump components and to minimize wear. On the other hand, if it is

too thick, excessive drag and power loss will develop. Hydraulic pump manu-

facturers always specify viscosity limits for operation and, in many cases,

they will give maximum startup and minimum operating limits. Recommended

viscosities usually fall between 70 and 250 SUS at operating temperature.

166. Because the oil viscosity should remain within certain limits

during operation, the VI should be considered when selecting an oil. It

need not be any higher than demanded by local temperature ranges, but since

there is no simple way for a user to make a reasonable estimate, it is

probably best to use an oil with VI in the range of 95 to 100. Since

paraffinic oils have better VI, oils formulated specifically for hydraulic

use are of that class.

167. Foaming can be a problem in hydraulic systems. Although manu-

facturers can, and do, control foaming in the design of their hydraulic

systems, hydraulic oils should contain antifoaming agents.

168. Condensation can develop in a hydraulic system and cause

corrosion. To reduce the level of water in the oil, a demulsifying agent

should be included.

169. Finally, since there is a large amount of sliding motion involved

in hydraulic systems, antiwear agents are usually specified and, in some

cases, the oil may be required to pass the Vickers vane test.

Compressors

170. Compressors are essentially pumps. There is virtually no differ-

ence in the fundamental functioning of a compressor and a pump. What is

different is that a compressor pumps air while a pump pumps a liquid such

as water or oil.

171. Condensation and the presence of oxygen cause problems for lubrica-

tion in air compressors. In some cases, heavy-duty use and high temperatures

are also involved. Compressed air exposes the oil to much more oxygen than in

other systems of lubrication and, where temperatures are high, oxidation is

accelerated. Consequently, the ability of a lubricant to resist oxidation and
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rust is of much greater concern in a compressor than in most other

applications.

172. The expected severity of oxidation and condensation establishes the

type of oil that a manufacturer will recommend. When temperatures are high

and the operation is heavy duty, conditions are similar to those within

cylinders of an internal combustion engine. In such a case, automotive oils

or automatic transmission oils may be recommended. If neither excessive

temperature nor excessive condensation is anticipated, an R&O oil from naph-

thenic base stocks is normally preferred. In cases where the VI is a matter

of concern, a paraffinic oil may be recommended. Turbine oils may also be

specified. Normally, naphthenics are recommended unless the VI is a major

concern. When condensation cannot be sufficiently controlled, compounded

naphthenic oils may be recommended. These oils contain fatty acids and other

compounds that strongly adhere to metal surfaces and reduce contact with water

that might be present. These oils also provide emulsifying qualities. They

are more prone to oxidation than uncompounded oils and are restricted to

special applications. They should not be used unless specified by the

manufacturers. In special cases, synthetics are recommended to obtain

improved rust and oxidation inhibition, a better VI, and a lower pour point.

173. When gases other than air are used in a compressor, harmful

chemical reactions, other than oxidation of the oil, may occur. Refrigera-

tion systems, for example, usually require either special preparations of

oil or nonpetroleum lubricants to retard the unwanted reaction. A discus-

sion of those lubricants is beyond the scope of this report.

Wire rope and chains

174. Wire rope and chains are not manufactured to hold lubricants in

place. The strands of wire rope and the sleeves of chains will hold a

lubricant to some extent, but eventually the lubricant will be worked out

from between the wearing surfaces. Furthermore, there is no system to

continuously resupply the lubricant as it is lost. Although chains are

sometimes passed through baths or under jets, the supply is not strictly

continuous. In addition, wire rope and chain systems are often exposed

directly to the atmosphere and elements of weathering and abrasive

contaminants. These factors impose a requirement for above ordinary

adherence.
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175. Heavy oil with a high asphaltic content provides the best

adherence. Heating, or the use of solvents, may be required for

application. If a dip system is present, thinner oils of appropriate

viscosity are recommended.

Insulating oil

176. Although insulating oil is not intended for lubrication, it is used

at Corps hydraulic installations. Selecting insulating oil is simple com-

pared to selecting lubricating oil. ASTM specification D 3487 is the

standard which governs the quality of insulating oil. All producers meet

these specifications with the exception of impulse strength, which varies

among producers. However, the producers publish test data and a user can

easily determine if the product meets requirements. It is also possible

that water content is above the limits set in ASTM D 3487 because of conden-

sation in shipping containers or transport tankers. Users should sample and

test insulating oil for its water content upon delivery and before intro-

duction into electrical equipment. The contractor delivering the oil is

ordinarily held responsible for meeting specifications, not the producers.
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PART V: PROBLEMS FOUND IN THE SURVEY

177. It was initially assumed that problems voiced by several field

installations reflected widespread lubricant problems, although the survey

conducted during this research did not indicate that problems were

widespread. To determine the extent of lubrication problems, 15 points of

contact designated by district offices during the Phase I survey were asked

to determine if any of the problems mentioned in the survey were being

experienced in their districts. Also, staff members of operations or design

sections were asked to determine if such problems had been reported.

Although no significant complaints were uncovered, it was concluded that the

absence of problems given in the survey truly reflected field circumstances.

Lubricant Breakdown

178. In the broadest sense, breakdown or decomposition of lubricants

refers to chemical alteration resulting in loss of desired properties. When

oil and grease are oxidized, they produce sludge or varnish that causes

heating and contributes to corrosion. In some cases of breakdown, additives

are depleted. Dust particles, solvents, or corrosive agents might

contaminate a lubricant. All of these possibilities might be referred to as

breakdown or decomposition.

179. Breakdown does not imply that oil molecules are broken into smaller

molecular weight components, resulting in lower viscosity. However, contami-

nation with a solvent or oil of lesser viscosity can result in reduced vis-

cosity. Discoloration due to aging does not necessarily indicate breakdown.

180. Field personnel often refer to the separation of the oil in a

grease from the thickener as breakdown. Although separation does indeed

thin the grease or increase its penetration, it does not necessarily indi-

cate any chemical alteration. Long-term storage or excessive heat can also

induce separation.

181. The Corps survey did not identify any cases where an oil failed or

broke down. This is not surprising. Oils used at Corps hydraulic instal-

lations have been studied by producers for years and have been improved to

very high levels of performance. Manufacturers have also learned the
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appropriate oils to use for a given application and the oil producers have

developed such a wide variety of products that almost any demand can be

met. If the recommended lubricant is properly applied, the probability of

failure due to the oil itself is minimal.

182. In one case, the oil was reported to be breaking down in a speed

reducer, but it was suspected the oil had been in place for 34 years (since

1951). After such long service, any oi, can be expected to oxidize, darken,

and become sludged. This case was not regarded as a problem with the oil.

183. A few complaints about the grease or gear dressing for open gears

were documented. No trend in either the product or the function could be

identified and maintenance personnel have made changes to obtain

satisfactory performance.

Compatibility

184. Many individuals believe that catastrophic failure follows if two

incompatible lubricants are mixed. That is seldom, if ever, the case and the

misunderstanding arises due to what is meant by incompatibility. Incompati-

bility ordinarily refers to the failure of one lubricant to match the quali-

ties of another with which it will be mixed. This might occur when makeup is

added or a new product is introduced. For example, if an oil with no oxida-

tion inhibitor were added to one containing an inhibitor, the effect would be

to dilute the inhibitor concentration in the mixture. The extent of dilution

would depend on the amount of uninhibited oil added. A similar example would

be if a general purpose oil is added to a compounded oil of the same

viscosity. Fats used in the compounded oil to provide greater lubricity would

be diluted proportionate to the amount added. Using the wrong lubricarn could

result in damage t) machinery in a very short time, but this is not usually a

matter of compatibility.

185. In any of these cases, catastrophic failure would not be an

immediate consequence. If the dilution were very small, there would be

essentially no difference in performance. Even if the dilution were quite

large, catastrophic failure would not follow immediately but the life of

either the oil or the machinery would bc reduced. In this sense,

compatibility refers to dilution of a desired additive or quality.
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186. There are cases where this definition (i.e., unmatched qualities)

would not be appropriate. One oil might contain an additive that would

neutralize an additive in the other oil. Motor oils, for example, contain

detergents that keep contaminants and water suspended in the oil. General

purpose industrial oils contain demulsifiers to retard the suspension of

water. Mixing one with the other would counteract the desired effects of

either one. Again, the degree of mixing would influence the extent of quality

reduction. The viscosity would remain unchanged and lubrication would con-

tinue with no catastrophic failure. However, the life of the machinery would

probably be reduced if the condition continued for an extended period of time.

187. Incompatibility can also occur if the oil contains a corrosive

additive. EP additives can sometimes be corrosive to bearings made of

alloys. Zinc dialkyl dithiophosphate is a widely used additive that pro-

vides wear reduction but has a corrosive effect on lead-bronze bearings.

Copper alloys react with acid succinates to yield a soluble copper complex

that promotes oxidation of the oil.

188. These cases would seem to imply that compatibility is always a

problem, but in practice, a few simple rules will virtually eliminate incom-

patibility problems:

a. Select an oil from the same class as the one being used.
Brand names do not make a great deal of difference; oils
within a given class are all quite similar. The various
classes that might be encountered were discussed in Part IV.

b. The selected oil should have equal or better specifications
than the one with which ;t will be mixed.

c. The lubricant should meet or exceed the manufacturer's

specifications.

d. If machinery is known to contain bearings made of an alloy
affected by certain additives, the manufacturer will
normally notify the user. Orders for oil should prohibit
inclusion of such additives.

189. The compatibility between acid-refined and hydrogen-refined oils has been

questioned. The purpose of any refining process is to remove undesirable

constituents within the oil. In either acid or hydrogen refining, the

primary objective is to remove unsaturated hydrocarbons (the full complement

of hydrogen is not present). Unsaturated hydrocarbons are chemically more

reactive than saturated hydrocarbons and are more susceptible to oxidation.
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They may be eliminated in either of two ways. In hydrogen refining, hydro-

gen is added to provide saturation. In other words, unsaturates are

converted to saturates which are less susceptible to oxidation. Nothing is

removed from the oil; it is simply converted.

190. In acid refining, sulfuric acid is added and reacts with unsatu-

rates to form sulfur compounds that can be selectively removed from the

oil. The reacted sulfur compounds form a sludge and its disposal has become

an environmental problem. This has caused a shift to hydrogen refining.

191. In either case, the product is essentially the same. In hydrogen

refining, unsaturates are converted to saturated hydrocarbons and in acid

refining, the unsaturates are removed, leaving saturated hydrocarbons.

However, there are slight differences. No Lwo oils are exactly the same

unless taken from the same refined batch. Furthermore, hydrogen refining

does remove certain aromatics somewhat more effectively than acid

refining. Such differences are so minor that these oils can be mixed with

no problems.

192. Compatibility between these two refined types comes into question

in insulating oils. In earlier years, acid-refined naphthenic base stocks

were used for insulating oils. (As discussed in Part III, these oils have a

lower pour point than paraffinics.) In more recent times, oil producers

faced with dwindling sources of naphthenic crudes began producing paraffinic

insulating oils. This occurred at about the same time that hydrogen

refining replaced acid refining. Consequently, older transformers are very

likely to contain acid-refined naphthenic oil. However, when new makeup oil

is purchased, it may be a paraffinic hydrogen-refined oil.

193. The refining process differences lead to suspicions of compatibil-

ity problems. However, the only significant difference is the fact that

paraffinics provide a higher pour point. Although this is of little con-

cern in warm climates, it could be significant in very cold climates.

194. Lubricating oils may be either paraffinic or naphthenic depending

on intended use, but there are no restrictions on availability. If one

type is being used, there is no problem in acquiring more of the same.

Differences in the refining processes are of no consequence.

195. Greases may be incompatible in a different manner than oils. in a

few cases, greases may lose their structure when mixed. Although this is
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not common, it is mit likely to occur when greases with two different soap

thickeners are mixed. The result is unpredictable. The best policy is to

not mix different brands of greases. If a new brand of grease must be

introduced, it should be injected in such a manner that the old is forced

out as much as possible. Greases may also be incompatible in the same

sense as oil. That is, if the addition of new grease in any way reduces

characteristics below specifications for the original grease it may be

considered incompatible. The only reliable way to determine compatibility

between two greases is to test them. A more simple solution is to avoid

mixing them.

Cold Weather Effects

196. The viscosity of any oil increases as the temperature decreases.

Often this increase is sufficient to cause a considerable increase in power

requirements for machinery operation. When the condition is extreme,

machinery may become inoperable. The traditional methods of remedy have been

to either provide a heating device to warm the oil to an acceptable viscosity

or to simply change the oil to one with a lower viscosity. Oil producers and

machine manufacturers indicate that the only other alternative is to use a

synthetic oil. Synthetics have much lower pour points and better viscosity

indexes. Although heaters are frequently used in northern districts, syn-

thetics are used in at least one case to reduce cold weather effects.

High Priced Proprietary Lubricants

197. The survey also attempted to identify any high-priced proprietary

lubricants recommended by equipment manufacturers with the threat that warran-

ties are not honored unless the recommended lubricant is used. The lubricants

used at Corps installations are all competitively priced products and, while

there are undoubtedly differences in prices, there is nothing to suggest they

could be considered high priced. Furthermore, the survey did not indicate

that use of a given brand had been specified by the manufacturer. Since most

of the lubricants used are very common preparations, there should be no reason

to pick a particular brand.
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Machinery Failures

198. Only two cases of machinery failure were mentioned in the survey.

The first case involved failure of the gear reducer on a fish pump. The

second case involved two overheated turbines. Neither of these problems was

the fault of the lubricant, although in the first case the wrong lubricant may

have been used. (Using an alternate oil reduced the gear reducer oil

temperature by 5° F [-15' C].) Furthermore, the machinery is still in use and

was not catastrophically damaged.

Procurement of Lubricants

199. More than 80 brand name products were identified in the survey.

Some were used at only one or two installations and were produced by small

local companies. In most cases, products of major producers such as Texaco,

Exxon, and Chevron were in use. In some cases, the survey form identified

only a MIL SPEC, not a product name.

200. The variety of products does not appear to have caused problems in

stocking levels and there were no complaints of accidentally using a wrong

lubricant due to a large number of lubricants being available. Product

selection is based on recommendations of the machine manufacturer, an oil

company representative, or recommendations from staff members of Corps opera-

tions, engineering, or design sections. In a few cases, foremen or other

personnel responsible for maintenance made selections.

201. Procurement also varies. In some cases, bids are accepted from

suppliers based on some general specification such as those of a manufacturer

or a MIL SPEC. In other cases, bids are accepted for a particular brand

name. Several suppliers usually carry the same product and they can bid

according to their individual profit requirements. In a few cases, greases

appear to have come from government supply sources. In one case, orders were

placed for less than a thousand dollars and a sole source was named. Oil that

did not meet specifications was received at one installation, which led the

district to change its procurement procedures to naming specific brands.

Another district reports having requested naphthenic oil but received paraf-

finic. They ultimately obtained a proprietary product at $3 per gallon (the
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services. These services are also available through the
Missouri River Division Oil Test Program at the MRD Laboratory,
Omaha, NE.

d. It is reconended that strict Corps-wide control not be imposed
on the selection and procurement of lubricants. Guidance
should merely acquaint personnel with the available options.
If a district is satisfied with its current practices, the
guidance should not prohibit continuation of the practices.
Because Corps installations are spread over a broad range of
geographical and climatic conditions, freedom to adjust to
local conditions is recommended.
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Table 1

Common Additives for Industrial Oils

Rust inhibitors
Oxidation inhibitors
Antifoamants
Demulsifiers
Compounded oil
Antiwear agents
Extreme pressure agents
Pour point depressant
Viscosity index improvers
Tackiness agents

Table 2

Components Used in Grease Formulation

Fluids Thickeners Additives

Mineral oil Sodium soap Antioxidants
Synthetic oils Calcium soap Antiwear additives
Di-esters Lithium soap EP additives
Silicones Aluminum soap Corrosion inhibitors
Phosphate esters Barium soap Friction modifiers
Fluorocarbon Aluminum complex Metal deactivators
Fluorinated silicone Lithium complex VI improvers
Chlorinated silicone Bentonite clay Pour-point depressants

Silica Tackiness additives
Carbon/graphite Water repellants
Polyurea Dyes

PTFE Structure modifiers
Polyethylene

Indanthrene dye

Phthalocyanine dye

Reprinted with permission from Lubrication, a Practical Guide to Lubricant
Selection, Lansdown, Copyright 1982, A. R. Pergamon Press.
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Table 3

NLGI Grease Classification

NLGI consistency Penetration at
number 770 F (250 C)

000 445 to 475
00 400 to 430
0 355 to 385
1 310 to 340
2 265 to 295
3 220 to 250
4 175 to 205
5 130 to 160
6 85 to 115

Table 4

Percentage of Grease Production by

Thickener Type as of 1981*

Thickener Percent

Soap
Lithium 59
Calcium 16
Aluminum 8
Sodium 4
Others (mostly barium) 3

Nonsoap
Inorganic 7

3

*Reprinted with permission from CRC

Handbook of Lubrication (Theory and
Practice of Tribology) Vol. II,
Copyright 1983, CRC Press, Inc.,
Boca Raton, FL.
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Table 5

Minimum Viscosity at Operating Temperature

Bearing type SUS cSt

Radial
Ball 70 13

Cylindrical roller 100 20

Spherical roller 110 23

Tapered roller 110 23

Thrust

Ball 150 32

Spherical roller 150 32
Cylindrical roller 160 34

Tapered roller 160 34

Table 6

Types of Lubricant Used With Various Gear Applications

Gear types

Lubricant Spur Helical Worm Bevel Hypoid

R&O oil Normal Normal Light Normal Not
(non-EP) loads loads loads loads recommended

EP oil Heavy or Heavy or Satisfactory Heavy or Required

shock shock for most shock for most
loading loading applications loading applications

Compounded Not nor- Not nor- Preferred by Not nor- For light

oil (about mally used mally used most gear mally used loading only

5% tallow) manufacturers

Heavy-bodied Slow-speed Slow-speed Slow-speeds Slow-speeds Slow-speeds

open gear open open ONLY open gearing gearing

oils ONLY gearing EP additive EP additive

desirable required

Grease Slow-speed Slow speed Slow-speeds Slow-speeds Not
open open ONLY open gearing recommended
gearing gearing EP additive

desirable

Reprinted with permission from Root, D. C., Lubrication Engineering, Vol 32,
No. 8, Copyright 1976, Society of Tribologists and Lubrication Engineers.
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APPENDIX A: VISCOSITY AND GRADE CONVERSIONS

Viscosity ranges for ISO and ASTM systems

ISO Midpoint Kinematic viscosity limits Saybolt viscosity
viscosity kinematic cSt at 40 *C (104 OF) ASTM, Saybolt 100 OF (37.8 =C)

grade viscosity min. Max. viscosity number Min. Max.

2 2.2 1.98 2.42 32 34.0 35.5
3 3.2 2.88 3.52 36 36.5 38.2
5 4.6 4.14 5.06 40 39.9 42.7
7 6.8 6.12 7.48 50 45.7 50.3

10 10 9.00 11.0 60 55.5 62.8
15 15 13.5 16.5 75 72 83
22 22 19.8 24.2 105 96 115
32 32 28.8 35.2 150 135 164
46 46 41.4 50.6 215 191 234
68 68 61.2 74.8 315 280 345
100 100 90.0 110 465 410 500
150 150 135 165 700 615 750
220 220 198 242 1,000 900 1,110
320 320 288 352 1,500 1,310 1,600
460 460 414 506 2,150 1,880 2,300
680 680 612 748 3,150 2,800 3,400

1,000 1,000 900 1,100 4,650 4,100 5,000
1,500 1,500 1,350 1,650 7,000 6,100 7,500

Viscosity ranges for AGMA lubricants

Rust and oxidation Equivalent Extreme pressure
inhibited gear oils Viscosity range ISO grade Gear lubricants

AGMA lubricant No. cSt (gm2 /s) at 40 -C AGMA lubricant No.

1 41.4 to 50.6 46
2 61.2 to 74.8 68 2 EP
3 90 to 110 100 3 EP
4 135 to 165 150 4 EP
5 198 to 242 220 5 EP
6 288 to 352 320 6 EP
7 Compounded 414 to 506 460 7 EP
8 Compounded 612 to 748 680 8 EP
8A Compounded 900 to 1,100 1,000 8A EP

NOTES: Viscosity ranges for AGMA lubricant numbers will henceforth be identical to those of the
ASTM system. Oils compounded with 3 percent to 10 percent fatty or synthetic fatty oiL
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SAE viscosity grades for engine oils
New Classification (J-300 SEP 80)*

SAE Viscosity 1/ (cP) Borderline pumping
viscosity at temperature (OC) temperature 2/ (°C) Viscosity 3/ cSt) at 100 °C
grade Max. Max. Min. Max.

oW 3,250 at -30 -35 3.8
5W 3,500 at -25 -30 3.8

low 3,500 at -20 -25 4.1
15W 3,500 at -15 -20 5.6
20W 4,500 at -10 -15 5.6
25W 6,000 at -5 -10 9.3
20 5.6 Less than 9.3
30 9.3 Less than 12.5
40 12.5 Less than 16.3
50 16.3 Less than 21.9

NOTE: 1 cP lmPa-s; lcSt = 1 mm2/s
1/ ASTM D 2602 (cold cranking simulator)
2/ ASTM D 3829 (mini-rotary viscometer)
/ ASTM D 445 (Kinematic viscosity)

NLGI grade numbers for greases

N131 I/ grade No. Penetration, ASTM 2/ Description and typical use

000 445-475 Semifluid; centralized systems
00 400-430 Semifluid; centralized systems
0 355-385 Semifluid; centralized systems
1 310-340 Very soft; guns or centralized systems
2 265-295 Soft; guns or centralized systems
3 220-250 Light; grease guns
4 175-205 Medium; pressure guns
5 130-160 Heavy; grease cups
6 85-115 Block; open grease cellars

I/ National Lubricating Grease Institute
2/ Worked (60 strokes), 77 'F (25 0C)
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Saybolt Saybolt
Kinematic Universal Kinematic Universal

(Centistokes) (Seconds) (Centistokes) (Seconds)

1.8 32 96.8 450
2.7 35 102.2 475
4.2 40 107.6 500
5.8 45 118.4 550
7.4 50 129.2 600
8.9 55 140.3 650

10.3 60 151 700
11.7 65 162 750
13.0 70 173 800
14.3 75 183 850
15.6 80 194 900
16.8 85 205 950
18.1 90 215 1,000
19.2 95 259 1,200
20.4 100 302 1,400
22.8 110 345 1,600
25.0 120 388 1,800
27.4 130 432 2,000
29.6 140 541 2,500
31.8 150 650 3,000
34.0 160 758 3,500
36.0 170 866 4,000
38.4 180 974 4,500
40.6 190 1,082 5,000
42.8 200 1,190 5,500
47.2 220 1,300 6,000
51.6 240 1,405 6,500
55.9 260 1,515 7,000
60.2 280 1,625 7,500
64.5 300 1,730 8,000
69.9 325 1,840 8,500
75.3 350 1,950 9,000
80.7 375 2,055 9,500
86.1 400 2,165 10,000
91.5 425
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CONVERSION CHART FOR GRADING SYSTEMS
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APPENDIX B: GREASE APPLICATION GUIDE
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APPENDIX C: CONOCO OIL FACT SHEETS
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REDIND Oil
Du Pont Code A-101 through A-104

High-Quality Industrial Oil

CONOCO REDIND Oils constitute a line of high- Customer Benefits
quality, paraffin-base, foam and rust-inhibited * Economical
oils. They provide excellent economical service in
applications where oxidation-inhibited or ex- * Good natural chemical stability
treme pressure oils are not required. The line of • Quick separation from water (regular grades)
CONOCO REDIND" Oils includes 8 regular * Non-foaming
grades. e Protection against rust

CONOCO REDIND" Oils are recommended for, * Minimum change in viscosity with temperature
but not limited to, the following applications: change

" Lightly loaded speed reducers
" Centrifugal and turbine pumps CONOCO REDIND" Oils are made from high-
* Electrical motors quality, solvent-refined, and filtered base stocks

" Fans and blowers and contain rust and foam inhibitors

* Back-up roll bearings in steel and aluminum
rolling mills Package Size

" Low pressure hydraulic systems 55-gallon drum
" Air and gas compressors

* Steam and large diesel and gas engine bearings
" General purpose oiling

CONOCO REDIND' Oil-Typical Specifications

Grade 32 46 68 100 150 220 320 460

ISO/Viscosity Grade 32 46 68 100 150 220 320 460
Gravity, API 31.7 30 8 30.0 29.2 28.6 28.0 27.5 27.0
Fiash, 'F. 380 400 410 420 435 450 470 540
Pour Point, "F. -10 -10 -10 10 10 10 10 10
Viscosity:

SSU @ 100° F. 155 228 340 505 755 1,120 1,630 2,300
SSU @ 210 ° F. 44 48 55 64 77 95 118 145
cSt @ 400C. 29-34 43-49 63-73 92-108 138-162 205-235 295-345 420-490
cSt @ 100 C. 5.2 6.6 8.5 11 14.3 18.5 23.7 29.7

Viscosity Index 100 100 98 97 96 96 96 96
ASTM Rust Test, A Pass

ASTM Industrial Fluid Lubricants, Saybolt Viscosity Grade Number

To Continue to provide superior quality Conoco rpservrs the rght tr
change the composition of its products without notice

2-50488 CONOCO INC. Rev 6-85

HOUSTON, TEXAS

C2



DECTOL
R&O Oil

Premium-Quality Industrial Oils

CONOCO DECTOL R&O Oils, in eight regular * Gas turbines
grades, are manufactured from high-quality, * Hydroelectric turbines
solvent-refined, and filtered paraffin-base stocks. * Steam turbines where this quality oil is recoin-
CONOCO DECTOL'" R&O Oils contain a well- mended by the equipment manufacturer
balanced additive package to provide excellent 9 Hydraulic systems
oxidation resistance, good antiscuff and antiwear
properties, and good protection against rust, * Speed reducers
corrosion, and foam. Oxidation stability at high e Plain and antifriction bearings
temperatures reduces the tendency of the oils to e Electric motors and generators
"thicken" in service and retards change in acid * Vacuum pumps
number.

* Centrifugal, turbine, and deep well pumps
Customer Benefits e General purpose oiling

" Effective lubricant for long service life * Roller chains

" Excellent chemical stability * Oiled couplings
* Minimum effect on most seal materials CONOCO DECTOL R&O Oils meet the require-
* Excellent antiscuff and antiwear properties ments of Dennison Specification HF-I. Grade 150
" Excellent low temperature properties meets the requirements of Military Specification
" Retains its viscosity over a wide variation in MIL-H-46001C(1). Grade 68 is approved under

temperatures Cincinnati Milacron Specification P-54. Grade
" Separates quickly from water 150 meets the requirements of Cincinnati Mila-

cron Specification P-57.

" Nonfoaming Even though these oils are highly fortified against" Superior rust protection to luoricated parts oxidation, the correct grades of CONOCO Tur-
* Low carbon-forming tendencies in air com- bine Oil should be used on equipment handling or

pressor, diesel, and gas engine cylinders exposed to highly reactive gases, such as hydro-
.gen. This applies particularly to hydrogen-cooled

They have a wide range of service applications generators or compressors.
and meet the general requirements for oil
described as "Turbine Oil Quality." These oils, in Package Sizes
the proper grades, are recommended for: 55-gallon drum
* Air compressors 5-gallon pall (not available for Grades 320 or460)

Bulk
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CONOCO DECTOL R&O Oil

Product Typicals

ISO Grade 32 46 68 100 150 220 320 460

IVN" 150 215 315 465 700 1000 1500 2150
AGMA No. - 1 2 3 4 5 6 -
Gravity, API 31.5 30.9 30.3 29.8 29.0 28.5 28.0 27.5
Flash, aF COC (ASTM D-92) Min. 380 400 440 455 470 490 520 535
Pour Point, 'F. -20 -10 0 5 5 5 5 10
Viscosity:
SSU @ 100°F. 155 226 340 505 755 1120 1630 2340
SSU @ 210°F. 44 48 55 64 78 95 119 148
cSt @ 400 C. 32 46 68 100 150 220 320 460
cSt @ 100°C 5.2 6.6 8.5 11.0 14.5 18.7 24.0 30.3

Viscosity Index 100 99 98 98 98 98 98 98
Color, Max. (ASTM D-1500) 2.0 2.5 3.0 5.0 5.5 7.0 7.5 7.5
ASTM Rust Test A&B ---------------------------------------Pass -------------------------------------

"ASTM Industrial Fluid Lubricants. Saybolt Visco ly Grade Number

Detailed physical health and safety normation on tnis product is availahle on a Material
* Safety Data Sheet This MSDS form may be obtained by writing or calling Conoco Inc.

Medical Department. P 0 Box 1267. P140-ST. Ponca Ciy OK 74603 Phone (405) 767-6000

ro continue to provde superior quality, Conoco reserves the right to change the composition of its products wthot notice
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0 0 Turbine Oil

Premium Quality Turbine Oils

CONOCO Turbine Oils are high-quality, long e Separates quickly from water
service-life oils. They are designed to meet the e Excellent foam resistance-prevents erratic
severe chemical stability, antifoam, and antirust governor operation and assures smooth opera-
requirements of oils for steam, hydraulic, and gas tion of hydraulic systems
turbines. They also fill the needs of the industry
for oil described as "Turbine Oils" or of "Turbine * Superior rust corrosion protection
Oil Quality." Turbine oils, in the required grades, * Good antiwear qualities
are recommended for: * Low carbon-forming tendencies

" Steam turbines * CONOCO Turbine Oil 32 has superb resistance

* Gas turbines to hydrogen used as a cooling medium in
" Hydro-electric turbines generators
" H electric tr n * Exceeds 3,000 hours oxidation stability as mea-

* Electric motors sured by ASTM D-943 (Grade 32 only)

* Lightly-loaded hydraulic systems
" Air compressors Package Sizes

" Vacuum and deep well pumps 55-gallon drum

" Speed reducers 5-gallon pail (Grade 32 only)

* Lightly-loaded plain and antifriction bearings Bulk

" General purpose lubrication
CONOCO Turbine Oils are manufactured in four CONOCO Turbine Oil

grades. They are fortified with balanced additives Product Typicals

to further improve chemical stability of the oil and Grade 32 46 68 100
extend service life. These oils have had a distin-

guished service record in industry for many years, IVN* 150 215 315 465

yet they are under constant research surveillance ISO/Viscosity Grade 32 46 68 100

to keep them second to none. AGMA No. - 1 2 3
Gravity, API 32.1 31.0 30.8 30.3
Flash, °F. 390 410 450 465

Customer Benefits Pour Point, OF. -30 -25 0 5

" Highly-refined, paraffin-base oils-assure max- Viscosity:
imumch(- ical stability and minimum effect on SSU @ 100- F. 155 226 340 505
seal materials SSU @ 2100 F. 45 49 56 66

" High viscosity index-provides low change in cSt @ 4000. 29-34 43-49 63-73 92-108
cSt @ 1000C. 5.4 6.8 8.7 11.3

viscosity over a given temperature range Viscosity Index 100 100 99 98

* Excellent oxidation stability to give maximum ASTM Rust Test Pass
service life Color, ASTM 2.0 2.5 3.0 5.0

Zinc, P.P.M., Max. 10 10 10 10

"ASTM Industrial Fluid Lubricants, Saybolt Viscosity Grade

Number.

I Detailed physical, health andi safety information on this product is available on a Material
I Safety Data Sheet. This MSDS form rr,y be obtained by writing or calling Conoco Inc.,
I Medical Department, P.O. Box 1267, P140-ST, Ponca City. OK 74603, Phone (405) 767-6000.

To continue to provide superior quality. Conoco reserves the right to change the composition of its products without notice.

CONOCO INC. 5-86

HOUSTON, TEXAS
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Uscd With pe!'miss~ion.

Magazine's
Exclusive Chart

Interchangeable
Lubricants

R. L. MARINELLO, Senior Editor A reduction in the number of lu- man,. types of lubricaros the planh
A bricants, used in' an industrial uses., Such a stud\ ma'. re'.eal 'h'it

plant, coupled with an all-out effort individual departments ;ir.e spC(u.-
to attain the mimrrum use from fying various lubricantl. for he'r
each lubricant, should be the miain own use when a cen.-!!zd niv-
objective of a plant engineering de- chasing plan could eprciuce the
partment trying to rcducc lubrica- variety by 10 to 30 rner':unt Several
tion costs. benefits can be reaiizeJ lb,* -tockirig

These goals can be accomplished fewcr lubricants. The chance of
in a number of ways. Savings can be lubricators .using the w rin rod.
realized by consolidating to fewer uct is reduced. fewer Personne) are
types of lubricants, improving pur- involved in requisitioning, and in-
chasing methods. using better qual- ventory can he controlled more el-
ity lubricants for a wider range of fectively.
machinery, reclaiming used lubri- Plants can consolidate their lu-
cants, and reducing losses from bricants and reduce inventory witfl

leaks. the help. of PLANT E\GI\EERI'YJ
Consolidating to fewci types of magazine's chart of interchange-

lubricants should be the first aim of able lubricants. The first chart,
a plant engineering department. piublished in our August 2., 1968
The first step is to find out how issue, contained the ndrnes of 26

TABLE Isuppliers. The chart in this issue.
the fifth update, contains the latest

Commonly Used Industital Lubricant Viscosity Ratings information from more than 100
suppliers.

P!, n t Viscosity, UJsed properly, the chart can be a
E, ginecrmg !SO AGMAt SAEt SAE Gear SUS valu able reference. It can help the
Maoaiz.ne's. Viscosity G1rade No Viscosiry No. Lubircant No. at 210 F engineering department Identify
Designation' Gria (approx (approx.) (approx ) (approx.) equivalent lubricant products and

sources and can serve as a guide for
32 2 consolidating lubricant stocks. A-n
60 10 -plant using more than 20 lubricants

105 22 is a prime candiddte for consolida-
150) 32 - 1low 75W 40 tion. Even if fewer than 20 liibri-
215 46 1 10 43
315 68 2 20 80W 50 cants are used, further cons.olid.-
4 65 5100 3 30 -60 tion may be possible.
700 150 4 40 85W 75Some lubricat Ion suppliers nmight

10%o 220 5 50 SO 95
1500 320 6 60 110 question the advisablitN ot' u s.ng
2150 460 7 70 140 130 viscosity as the prime r uideline in
3150 680 8 -- 140 selcztina lubricants. llc,ever, its-

coSitvr IS one If the most important7-rers cor-f spond to viscos ry 'atirgs SO S ai 1 OOF .10 percenit; based on ASPA and ASLE poete falb 2it n ii
recomimendatrs.prprisoa ui;ntad!Is
t Arinran Gear Marnulaciurers Associal'on widelk used a-s a general 'Ilection
ISocety of A.jtomnotve Engineers. Inc. g~uide. Viscositx is specified in sev-
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eral ways. The American Society of now approximately $20 per drum, TABLE II. VISCOSITY
Lubrication Engineers (ASLE) and and it may increase. CONVERSION CHART
the American Society for Testing Although lubricant costs are go-
and Materials (ASTM) have estab- ing down after the meteoric in-lishd astadar visosiy saleKinematic
lished a standard viscosity scale creases of the past 10 yr. the costs Viscosity, Saybolt
based on Saybolt Universal Seconds of delivering and handling are not. ISO Centistokes Viscosity,
at 100 F. A comparison of the vari- Rates for delivering lubricant in Viscosity at 40 C SUS at 104 F
ous viscosity ratings that are com- bulk are lower than rates for van- Grade (104 F) (40 C) (approx.)
monly used in industry is shown in load shipments of drummed lubri-
Table I. cants. The plant engineering de- 2 1.98-2.42 32

The current viscosity classifica- partment should evaluate the eco- 3 2.88-3.52 36
tion system is described in "Stan- nomics of bulk lubricant delivery. 5 4.14-5.06 40

7 6.12-7.48 50dard Recommended Practice for If the plant is using smaller 10 9.00-11.0 60
Viscosity Systems for Industrial quantities of two or three oils, it 15 13,5-16.5 75
Fluid Lubricants," ASTM D2422- may not have the potential for bulk 22 19.8-24.2 10575. It is based on International purchasing. But. if a single. better 32 28.8-35.2 15046 41.4-50.6 215
Standards Organization (ISO) vis- grade of oil will work in place of two 68 61.2-74.8 315
cosity grade numbers ("Industrial or three, the gallonage may in- 100 90.0-110 465
Liquid Lubricants-ISO Viscosity crease to the point at which it would 150 135-165 700

220 198-242 1000Classification," ISO Standard be wise to consider bulk purchase. 320 288-352 1500
3448) and is applicable to fluids Many lubricant companies rec- 460 414-506 2150
ranging in kinematic viscosity from ommend the use of a higher grade 680 612-748 3150
2 to 1500 cSt at 40 C. Table I1 lists lubricant to satisfy the needs of a 1000 900-1100 4650
the 18 ISO viscosity grades and wider range of machines, including 1500 1350-1650 7000

equivalent kinematic viscosity (in those that normally use lower grade
cSt at 40 C) and Saybolt viscosity products. Such an approach re-
at 104 F (40 C). duces the number of lubricants as every 10 sec, 39.6 gal will be lost in

The data supplied by the lubri- well as the number of suppliers and 1 year. Should one drop be lost
cant suppliers merely identify what also cuts down on the space needed every second, the yearly loss would
products fall within the lubricant for storage. be 409 gal.
designation and application. The Another approach is to switch to Many industrial plants are seri-
data do not indicate the quality of multipurpose lubricants and ously considering installing recy-
each lubricant. Nor is any attempt greases to lower overall costs and cling systems or contracting with
made to imply what lubricant per- improve machine performance. refiners offering reclamation ser-
formance can be expected under a Multipurpose lubricants and vice. Waste oils are not now consid-
particular set of operating condi- greases are usually of better quality ered hazardous waste and do not
tions. Lubricant producers and sup- than the products they replace. The fall under the Resource Conserva-
pliers stress that questions about improved quality means longer pe- tion and Recovery Act adminis-
the effectiveness of a recommended riods of lubricant use, less total vol- tered by the Environmental Protec-
substitution should be answered by ume of lubricant used, reduced ap- tion Agency (EPA). But EPA may
the equipment manufacturer or the plication cost, and less downtime classify waste oil as hazardous in
oil company application engineer, for maintenance and repair. the future and write regulations

Outside of special situations, With much sophisticated ma- covering its disposal.
however, most of the lubricant chinery already in use in many Oil does not wear out; it must be
products listed in the chart can be industrial plants, and more ex- discarded only when dust, dirt, car-
interchanged. And, when this prac- pected in the near future, the cost of bon, chips, acids, gums, sludge, wa-
tice is possible, substantial savings downtime can be extremely high. ter, soot, or oxidation products
can be realized by reducing the The use of better quality lubricants, cause the breakdown of unstable
number of oils and greases that fall even at substantially higher prices, constituents. If these products of
within a specific designation. can be inexpensive insurance contamination are properly re-

Cost savings can also be achieved against costly equipment failures. moved, the oil will be as good as
by improving purchasing practices. In addition, the high cost of down- new.
The plant should first review pres- time, plus high maintenance labor Comparing the lubricants listed
ent lubrication consumption and costs, necessitates the use of quality on the following pages with those
the anticipated increase over the lubricants to extend the machine's now used may reveal changes that
next 5 yr. If it uses 8000 gal of a productive capabilities as much as could provide a company with a
particular lubricant annually, or possible. more efficient, more economical lu-
6000 gal of two or more lubricants At one time, oil leaks were a nui- brication program.
each year, bulk purchasing could be sance that was tolerated because of
practical. Purchasing lubricants by low prices for oil. That is not the
the drum costs more. Additional case today: the loss of a few drops of
costs are involved in handling the oil from loose fittings or worn seals
drums and in the deposit charged can add up to hundreds of gallons in
per drum. The deposit charge is a year. If only one drop of oil is lost
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PLANT ENGINEERING'S CHART OF INTERCHANGEABLE LUBRICANTS

P11lan ISO Viscosity, Amalie Refining Co.
Erglineir" Vlacoelty SIJS at Advance (Divison of Wttco
Deulgation Grade Lubricant Type 100 F Engineering Chemical Corp.)

11111-150- 32 Lihtl I ib hdiuiic & Gen. Ripone 135-165 S/ 1066 Sterlin R&0 32 AMA Oll R&0 100 AW
P1-215- 46 Mod. iVtbib Hiiiaiiic & Gen. PRpoee 194-M36 S/ 1067 Sterling R&0 46 AMA ON R&O 200 AW
PE-315-A 68 Med.4-levy Inhibed F"9. & Gen. Ripone 284-,W S/ 1069 SW"in R&O 68 AMA 0il R&O 300 AW
PE-700-A 150 Huav kdsWdr1atic& Gen.Ripone 63W-70 Sf 1071 S31iring R&O 150 AMA Oil R&O 800 AW
PE-150H1P 32 High-Pressure (Mtil-Wear) H-ydraulic Oil 15-165 S, 1064 SleingC& AWV LP 32 AMA -Al R&O 100A N~
PE-215-P 46 Highi-pressure Anti-Wear) Hydraulic Oil 194-236 S. 1066 S~er'ing R&O AW LP 46 AMA Oil R&C 200 AW
PE-315-HP 68 High-Pressure (Anti-Wear) Hydraulic Oil 284-346 S /1068 Sterling R&O A VV LIP 68 AMA Oil R&C 3,00 AW
PE-FRll- - Fn~esstant lfyd. Fkad/Swtft 14 N
PE-FRII2 - Rre-Fmistant ityd. hi/Wate-G" w t, i
PE FRW43 - Fre-Ree. Iyd. FW/Wata-Oil Erm.ior N______ NP___ _______

PE-32-8 2 Very Light Spindle Oil (Over 6000 rpml 29.35 S ! 02'$ Sperirg pr2'

PE-60-8 10 Lighit Spindle Oil (3600-60.00 'nm) 5i4-66  S, '227 Sler ng Sorirle 'C
PE-105- 22 Spindle 0!1 (Up to 3600 rpm) 9r_- 15 S ir3 3emir Scr-le 22
P1-150- 32 LightWay Oi 153R Bar & Onh-Oil
PE-315-C 68 MediumnWay ad 284-,W4 S. 1,060 1Nayliube 68 q
PE-1000-C 220 Heavy Way Oil 9* 1. 100 S/ 11062 YiaykitA 220 N
PE-700-0 150 '.gr.: Gear Ol 63&-'rw S LL: G a LEP y 1L D

P1-1000-0 220 Mvecium Gear Oil 900-1 10 S, C'08 G;e: r~ 52 2n201 *Q,4_'1;
PE-2150-0 46r, H-eavy Gear Ci1935-2365 Si -039 Gear L-iOe EF 460 -4G- 4

PE-31 5-E 68 Lirp Extreme-Prare Govr ad 263-37 S/f1084 1 68 -

PE- 1510Z- 2C. HeavyExt-re uirw s Geei ad 1350-165C- S/1080 CeA 320 P ____

PE-OC"G - Cln-r e arShe~ (Open Geam- ____ IngsielC 220 _________ F

PE-CPG-2 - Gen. tPhipoesx E.P. LithiunEase Gkes aS 2 - All Puicise, Moly
PE-MG-2 - Molyoienurn Disufide C- P G3rease NP A i'r s c

Plant ISO Veoly
Engineering Viscoaity SUS at American Petroleuma and
Designation Grade Lubricant Type 100 F Chemical Corp. Amoco Oil Co.

P1-15.0A 32 Lih Inhtirled Fy~ahic & Gen. Ripoun 13&-165 Modie-Litie 303 adl Amrincan lI. ad #U2
P- 5446 Med. 06Wte 1,4^0c & Gen. Pizpose 194-238 Mieue 304 adl An'en~ Ird. OCA 94

P1-315-A 58 Med.-,Llevy Inhkided 1lyd & Gem. Ripons 284-34W Mod~th& ie 305 DJl Amencan Mi. Oil 46
P1-700-A 1'50 heavy h*"tr Fityiic & Gen. PRpos 630-770 io*x~e-IL SD-40 adl Amencan kI Oil 4150
P1-150-P 32 Higti.Pvesse (Anti-Wear) H-ydiaumic; Oil 135-165 Modlule-Lube 303 Cil Ryton Oil #32 or Airoco AW 32
PE-215-HP 46 High-Pessuire (Anti-Wear) Hydraulic Oil 194-236 Modulie-,.uo 304 3il R1*on Oit 946 :)r Arrocc AA 46
PE-315-HP 08 lui-Pressure lArfl-Wsar) Hydraulic 01 284-346 ModuieLube 305 Oil Rvkon Oil =68 -r Anicc AW S8
PE-FYM-1 - ir&-P Iesistait l-"y. RidSprtiek PPC Phocoale Ester Amoco FR Risd PE
PE-01I42 - Fire-Rleistt Hyd. FidWa*w-G"c PPC Watla Ester Amoco FR Flid WG
!1#-F3 - Fre-fls. Hyd. Fk/Wa~-C 6Txaso N Amo= FIR Fud WO _ _ _

PE-32-8 2 Ver LigN Soirnile Oil (Over 6000 rpm' 29-35 Mcoculeu!e r-90 0"Aroco Spinil r
PE-40-8 LC ~ ION Spirdle Ci i 3600-6000 rpm) 54-66 Mde-ue301 011 Amoco Srindle Ci4 A
PE-105-8 2 2 Spinle 0ff Uo !c 3600 'pm) 95-115 Module-Luoe 302 Oil krnmxo Spnoe O-il i _

P1iOC32 Light Way 0I - 135-166 Mko1ile-Lue SD- 10 Wayac Oil#32
P1-3 15-C 68 meitn way 01 284-34 ModLie4-Lbe Way O0l 47 Wayac, ad #658
P1-1000-C 220 Heavy Way ad 9)0-1100 ModieLif Way adl 50 W"aylaca #220
PE-700-0 150 Ligr! Gear Oil 30-770 Module,-Luie S&-40 Oil American Id 0i = 15C
PE-1000-0 22C Meditum Gear Oil 900-1i100 Moaule4. jbe S0-541' Oii American Inc Oil .121C
PE-2150-0 460- Heav'y Glear I 1935-2365 Module-Lube AG-200 Oil American Ind 0'i 4460
PE-315-E 68 Light Exteme-Preaue Gem Od 2"337 ktixkis title .SD-2 Parmagsar or A=Dgwa EP 68
PE-1500-E 320 H"e~ Extevne-PRuaw Gear 01 1350- 10W6flul -Ab~i e 123 Gear ad Panyagor Amoq! EP 320
PE-0"- - Clin-Type Gear Shield (Open. Gears) Module Lute Ojpen Geai Grease anricco CornpourJ ::9
PE-GPO-2 - Gen. Purpoe E.P. Lftrsilam Grow wo~ 2 M*xtM Lhe 7 Plus Grw. Amolil Grame #2EP1
PE-MG-2 - Molybdenum Disulfide E P Grease Module Lube BRB 77 G:ease A-riocc Super Cl-assis Grease
'f -'c -rwaw W ilra mm ,"

Lo -c r r acomw ~ A*g -* ~ Tv LOLfl5 4~I~ "af *je d %wA vmaqiry S2W1 ow~ -v" a~aqiis & rfZ 'w%
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Anerican Industrial The American American
Reach Corp. American Industries, Inc. Lubricants Co. (Alubco) Lubricants, Inc. American Ol A Supply Co.

NR 253 #10 R&O I". Oil Il "Hyd. OI #32 160 Hd. 01 (PAO) PQ32
NR 253 #15 R&O Hyd. Oil Moy ". O #46 200 Hyd. O (R&O) PO46
Ni 253 #20 R&O "yd. Oil Mot- 1-". 0 #68 300 H-yd. O (R&O) PQ68
NR 253 # R0&O Hyd. Oil Moly yd. Oi #150 650 ' id. il (R&O) P0 150
NR 255 # 10 AW Hyd. Oil Moly Hyd Oil #32 160 AW Hyd Oil PO 32
NR 255 st 15 AW Hyd Oil Moly Hyd. Oil #46 200 AW Hyd. Oil PO 46
NR 255 ;20 AW Hyd. Oil Moly Hyd Oil #68 300 AW Hyd Oil P0 68
Ni NR NR NR NR
NR NR Ni NR NR
NR 254 FR -lyd. Od NR NR NR
NR NR NR NR NR

Rexlube Spindle Oil Lignt 273 Spindle Oil 1 1 NR Spindle Oil 60 PC Spindle Oil.5
NR 273 Spindle Oil #2 Moly Spindle Oil #22 Spindle Oil 100 P0 Spindle Oil 0

NR 516 Way Lue #10 oly Si Way Lube #32 NR NR
Rexiube #20 516 Way Lube #20 Moly Special Way Lube #68 Medium Way Lube PO L 30
Rexube #90 516 Way Luba #50 ",,y Specia Way Lube #220 Heevy Way Lube PQ L 90
Rexlube #30 322 nd. GO #40 Moly Ultra-Tec Gear Lube 80W90 Gear Oil Lignt PQ AGMA 4EP
Rexlube #95 322 Ind GO #90 Moly Ultra-Tec Gear Lube 90 Gear Oil Medium P0 AGMA 5EP
Rexlu e 4145 322 Ind GO # 140 Moly Utra-Tec Gear Lube 140 Gear Oil Heaw PO AGMA 7EP

Rexke #20 325 BIG 7 80W90 Moly Ula-Tec Gear Lube 80 EP 300 Gear Oi PQ AGMA 2EP
Rexi*be #140 325 BIG 7 85W140 Moly LIta-Tec Gear Lube 85W140 EP 1500G Oil PO AGMA 6EP
Rexlube OGH 336 Open Gear W'Tacky Bison 88 Super Gear Shield PO Open Gear DSL

Rexkt e #2 556 MP Beann; Greame goed Moliisheld #2 EP Lith Grease PO C 4005-2
Rexlube #2 557 A-33 Moly Grease Molv Deluxe #2 MOS 2 Grease P0 C 400 1-

Anderson Oil Arco Petroleum Ashland O11, Inc. Baum's
& Chemical Co. Products Co. Valvoline Oil Co. Autollne Lubricants Inc. Castorine Co., Inc.

Ws" Ha. OIl 43 Eso 32 ETC (R&O) #15 Terapn 32 R&O TetI #150-TH Oil
Wnsor Hyd. Oil 45 Duro 46 ETC (R&O) #20 TerraMn 46 R&O Tene-Fkri #300-LTH Oil
Wvsor Hyd. Oil 52 Duro68 o ETC (R&O) #30 Terrapmin 68 R&O Ten-Fim #300-MTH Oi

N Ouro 1 !7 or 150 ETC (R&O) #70 Terap 150 R&O TeaFiim #40 -TH il
Winsor Hyd Oil 43 AW Duio AW 32 AW Oil # 15 Terrapin 32 AW!Super Blue 32 AW Tena-Film # 150-TH Oil
Winsor Hyd Oil 45 AW Durc AW 46 AW Oil #20 Terrapin 46 AW/Super Blue 46 AW Tena-Film #300-LTH Oil
Winsor Hyd Oil 52 AW Duro AW 68 AW Oil #30 Terrapin 68 AW!Super Blue 68 AW Tena-Film 4300-MTH Oil

Stawd EM NR NR NR NP
NR NP NP NR NR
NR Do FR-HD NR NR NR

NR NP NR Spindle Oil 2 NP
Wirsor Hi-Speed Spindle Oil Diamond 7 NR Spindle Oil 10 NP
Winsor Spindle Oil 4 Diamond 20 ETC (R&O) #10 Spindle Oil 22 Tena-Film 100-TH Oil

NP Truside 32 Waykil CHW-15 Way LIue 32 Tena-Fin #EP-150-ST Oi
Wrset Way Oil L Tuskide 68 Wayule W-30 Way Lube 68 Teo-Fh #61-300.ST Oil

NR Tntsde 220 Wayk1e W-100 Way Lube 220 Tew*FF #EP-1000-ST Oil
Winsor Gear Oi 8C Duro 117 or 150 ETC (R&O) 70 Terrapin 150 AW Tena-Film #400-TH Oil
Wirsor Gear Oil 90 Duro 220 ETC (R&O) 100 Terrapin 220 AW/MP 80W-90 Tena-Film #500-TH Oil
Winsor Gear Oil 140 Runilene 460 ETC'(R&O) 200 Terrapin 460 AW/MP 85W-140 Tena-Film #:2500-TH Oil

NR Pennant NL 68 NP Indmiial EP Gea 68 Ter-Fim #EP-300-ST 01
Hodn Metacod 4111 Pennant NL 320 NPl kIcuusil EP Gea 320 Tens-Fin #EP-1400 01
Hodson Metalcoil A 185 Jet Lubrcant TM NR Syncote Open Gear Tena-Film Moly OG Coamp #0-8470

NR Lifikie HEP 2 ,iktke Utw EP Grease Lti EP #2 Tens-Flm Gram #2 EP
Hodso Nornelt 2254 EP Moly D Grease #2 Special Moly EP Grease Moly Lith EP #2 Tena-Film Moly Compound #0-23

Ayaa r " f i wxwes AllJ= V-d ft- D DMMM
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PLANT ENGINEERING'S CHART OF INTERCHANGEABLE LUBRICANTS

Padi ISO Viscosity,
Englineeling Viscosity SUS at
Deignationl Grad. Lubicant Type 100 F Sol-Ray Co., Inc. Benz Oil Co., Inc.

11I30A 32 Lot kti~bd K~lai & Gen. Rspose 135-165 Bel-Ry AW ubae #0 Paale 32
PE-215-A 46 Mod. I Ifte R~kai & Gen. Ripose 194-236 Bel-Rlay AW Luba # 1 Petrauf 46
PE-315-A 68 Med 4-evy Inited Hiyd. & Gen. Rrpose 284,W4 Bel-Rey AW LL*b6 #2 Penakte 68
PE-700-A 150 Heavy dVtded F-tyuk~ & Gen. Rxpose 630-770 BeNay AW Lubae #4 Petralbe 150
PE-150-HP 32 High-Pressure IAnti-Wear) Hydraulic Oil '35-165 Raylene AW Hyd Fluid 40 Petraulic 32
PE-2 I15-HP 46 High-Pressure (Anti-Wear) Hydraulic Oil 194-236 Raylene AW Hyd Fluid V Petraulic 46
PE-315-HP 68 High-Pressure Anti-Wear) Hydraulic Oil 284-346 Raylene AW Hyd. Fluid #2 Petraulic 68
PE-FN41-11 - Fire-Rlewatanit Hyd. Ruad/Syrtbc Bel-ay "No Flame" Hy. Rid S I1p
PE-fW4-2 - -Fre-Resatwt Hyd. lud/Water-Gk"'cd Petraubc &r-Safe FR-AW
PE-URI4-3 - Fire-Reas. Hfyd. Fluid/Water-Od Ermisacrn ____2-13y "No Reum l-W Fh E N
PE-32.4 2 Very Light Spindle Oil (Over 6000 rpm, 29 -311 Paylene EP Spinde 0,i 'gnt NP
PE-60-8 10 Light Spindle Oil (3600-6000 ,'-0 54-66 avene EP Spodi- 0il Med Petrasleed 6003
PE-10"- 22 Spindle Oil (Up 10 3-600 rpm1 35-i 15 iaviene EP SPrdf- Ci'l Heavy Pe!rasreed 30G
P1-150C 32 Ligt Way Od 135-',65 Raylen FP Luba #11 N4
PE1315-C 68 MaidunWay 01 2843-6 PayweEP Lue 42 Petac 68
PE-1000-C 220 Heavy Way Od 900-11100 Rarwe EP Luba #5 Petac 220
PE-700-0 150 Light Gear Oil 63117 7 u-,e 5:P Ljt+e 43 F,.traulic 156
PE-1000-D 220 Mediumn Gear Oil 900' 6 r e-e EP L ute il5 PetrauKi 220
PE-2150-0 460 He-avy Gear Oil 1935-2365 _Raylpnp EP Lucie 97 Pe au.._ 46C ___

PE-315-IE 68 Lt Exrw*ePMealr (iew .09 283-347 Bel-ay 100 GM Oi #50 Gea-ol 68
PE-'15ME- M2 Heaw Ext'em&-Pre~e Gaw CA I3&%-1850 Bel-fay 100 Gea 01l 4 0 Geaol 320
P5-0C,-11 - Cin-g- ry~e Sear held fO ,r C-e2,21. Be! Hay ALO Open Gear I jte n 1 Piir. .ute 500 ___

PE-01PO-2 - Gen. Py firO &ewie 4~IG Termiars EP GemB3 #2 Mui-Samice EP ;;2-

PE-MG-2 - Molvcenurn Deufioe E P ieet'e M '.'uD' 12 EP Grc-a~e 42 lY Aiurnaplex ED::

Plant ISO Viscosity,
Engineering Viscosity SUS at
Designation Grade Lubricant Type 100 F Certified Laborhtorles Champlin Petroleum Co.

P1-150-A 32 Lght "OWds Fyauic & Gem. Rirpose 135-166 KXG 32 or MAA 5W-2 *ktd R&O 150
PE-215S-A 46 MNW. W*te Faulic & Gen. Po 194-238 HOC 46 or &Ulo SW-20 KFca R&O 215
PE-315-A 68 Mgd.-wvy W*AW Hed . & Gw. Rose 284346 HOC as Hytkd R&0 315
PE-700-A 150 Heavy "*W teda k & GwrL Pwqm 6MM77 HOC '50 Htydro R&0 700
P5-15"-P 32 Higi-Pressure (Anti-Wqxa) Hydraulic Oil 135-165 HOC 32 nr HITOP 10W-30 Hydrol AW 150
PE-215-HP 46 -in3(-Pressure (Anti-Wear) Hydraulic 0il 194-236 HOC 4f -or HiTOP I10W-30 -lydroi AW 215

PE-3 15"P 68 High-Pressure i Arit-Wear) '-d-aulr i 284-346 HO-] 68 or H111OP I1OW 30 H-ydrol AW 315
Fl-Ms- - FreRe Hyd. RWI%/Yftft, NP ~ NR
PE-FRI-2 - Fre-Ress4" Hyd P.M/Y r-%W R N
PE-FA4-3 - Fire-Rs. H-yd. Flid/Wae su~wim NR__ _ __ _NR __ _

PF-32-8 .b~r Lnl Spirle Oil OCver 6000 rpm) 29-35 rip N
P5460-13' Lign Spindle Or 3600-60CC rprm) 5466 SOC 10 N
PE-165-B3 22 Spndle Oil f i to 3600 rpm) 95-1 .5 SOC 2e Varitol A
PE- 150-C 32 Lot Way Od 135-166 NRH~ AW 150/Vanb A'
PE-315-C 68 Modwa Way Od 294-34 WAC Be HyAW 215/Vaiftol 8
PE-1000-C 220 Heavy Way 01 9005-1100 v'&C ? NR__ _ __ _ _ _

PE-700-0 150 Ligh G.+ar Oil 55117, 0 HOC 150 Hydrol R&O 700 GL Plus 80W-9C
PE-1000-0 220 lt-du 35ear Dii I0-1Do HOC 220 Hydrol R&C 1000
P5- 2150-0 460 Gear Ci! 1935-2365 aftoo 85W- 144C 1 Plus 85W-la4n
PE-315SE 68 bght ExveRne-Pre Gear Of2O N.34 Dahpinb Gear 016850
PE-15004 320 Heavy Exfoe-n4'mu Goa 01 1360-IM5 Prlowmod W'140 N
P50GOG - 31mgr- T Voe 6ear Shield ) Dper~ Gears N N
PE4-1111Q112 - Gen Plipoe E.P. Lflum w (eNM NLGI 2 -CI-4 EP2 pow___
P5-MG-2 - Molybdenum Disulfde E P G_"rease Prernalute EP2 or COL-50C EP2 Deluxe WithkMoiv

+ ~~~ ~ ~1 Ma- wd Wrrmr I tA l$wv. t- 3 pl*y j.v,

.t- i s ar; w *-"A, 'd~a vo "Y a-sI rC itb , t
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Cambridge
Technical

BP 041 Inc. Brooks Technology Co. Center Cato Oil & Grease Co. Century Huiburt Inc.

Enegc I-BY 32 Verselene 600 Molly Hyd. 150 Pawnee R&O Ind. Oi A.5 Hidraic 150
Energoi HLY 46 Versalene 6 10 Mclly H-yd. 225 Pawnee R&O Wr. O0dB I-uikhauc 215
Energol I-LP 68 Versalene 620 Moly Hyd. 315 Pawnee R&OInd. OilC Huldlii 315
Energol I-tP 150 Versalene 630 Mciv 1-tyd. 700 Pawnee R&O Ind Oi Ei 5 lildaiubc 700
Energol HILP 32 Versalene 600 Moiy Hyd AIW 15C Myslik AW AL Hyd Oil 10 Huldraulic 150
Eriergol HILP 46 Versalene 610 Moly -lyd 4W 225 Mystik AW AL Hydl Oil 10 Huldraulic 215
Energol HLP 68 Versale ne 620 Moiy H-yd 4WV 315 Mystilk AN AL Hyd Oil 20 Hulcraulic 3 5

NR N Saf-T-Lube SNRR
NNRSil-A-Coi 200 NR N

NR Versalene 650 Saf-T-Lube FIR NR Hullsafe 600
Energol HILP 2 NR *3 Moly Spindle rwr Disc To'que Corverlor Fiuld NR
Energol HLP 10 NR 1:610 Moly Spindle Vvciik livdl jack (ii R&D NP.
Energol HLP 22 NR 4' 1Moly Spirdle Pane R&D In Ri

Energol HP 321 NR Mciy-Wa # 15 "tik AVJLAL Hyd.DJ 10 INP
Energoi HP 68-C WP Mcty-Way #3 Mystik Anti-Leak ~I. Od NR
Energol FIf 220-C Slide & Way Mcfy-Way 49 MyStik JT-7 80/90 NP
Energol HLP 150 Lifeguard 55 Moly-Geai 750 Pawnee R&D Ind Oil 0 5 HorUDes _7
Energol HLP 220 Lifeguard 70 Moiy-Gear 990 Pawnee R&D Id Cil F 4:32 Spar "il
E-iergol HLP 460 Lifeguard 110 Moly-Gear 2250 Pawnee ;&D rid Oil F1 :33 Ceir Cii
Gearep 80 Lifeguard 40 MoDy-Gear EP 325 Gato kI. EP Gear ISO 68 Hultest 50
Gearap 80W1402 Lifeguard 90 Mcly-GeAw EP 1500 Cato Id. EP Gear ISO 320 431 Gear 0ii
Gearep 06 Klrigf ast 85 Moly Open Gear #:1000 Ca-GSear I 128 Gear Oil
BeariN Gard-2 Plexane 7263 #2 WIL Grease IMysbk JT-6 HiaTerry Hepiex GP-EP
bearing Gardl-2 Plexalene 725-MO #2 ML Grease Moly Lithftex CX All Season -lullith EP-2 Moly

Cling Surface
Chemtooi. Inc. Chevron U.S.A., Inc. Cities Service Co. Co., Inc. Conoco Inc.

ydrc# 15 GST Dil32 Citgo Pacemaker 32 1-YO Oil 1 Dectol R&0il 32
Hy~o #25 GST Oil46 GitgoPacemaer 46 HiYO N20 Dectol R&Oil46
I-+y #3 GST 0168 QVgcPacemnaller 68 NR Decid R&00Oil68
Hdro#7 AW Aiad" Od 150 OW gPacernakerl150 NR Decid R&00Oil150
H, Iro AW VVZ5 AVW Hyd Dil 32 Gigo Pacemaker XD-32 or 4W Hyd 01i132 4WV Dii 10 Super Hyd Oil 32
Hycrc AW =225 4W H~d Oil 46 ilo Pacemaker iD -46 or 'VV H1yd Oil 46 4W Oil 20 Super Hyd Oil 46
-'vdrc VW u3 !5 4W' Hyd Dii 68 Thige Pacemaker XD-68 or 4W Hyd Oil 66 NP Super HvJ Cr1 68
Syn- F-yd. Fkid (SWf NR NR NRN
Cherrifel #900 NR Cifgo G"cc FR-4XD NR PC Rid
Emisn I-W. Red (W~ FR FluidD 0lgo Invert FRFluid W FR Flud
z 30 Sp)ind(le C ii t P NP NP TD Torque PlUi0A
=6'- Spindle Oil- Ma, - ' Dii 10 NP NR GP Spindle Oil 74
='ICC Scindle C il AAv Ya.iar'ne Dil 22 "qNR Super H~ya Oil 22

a ISvv ay Lub NPR NR NR Dectol R&0 0132,
0t3Way Liie Vwsac Oil68X Cifgo Skkie 168 NR ID Way Lube31
99 Way Lube Vistac Oil 220X G41QO Slidente 220 NA HD Way L"t 92
=75P SJear Dl AMacrine Oil 150 Citgo PacemaKer ! SC NR Dectci R&D Oil 150
=99C Sear O)il -A ',lachne Oil 220 C ilgo Extra DutV Circ Oil 220 NP Decdol R&D Oil 220
::2250 Gear C-'l 1L 3tar C ompound 460 Crilgc Extra Dory Circ Oil 320 NR D~ec to R&D0 Dil 460
EP 325 Geard 00 W Gc Caound 68 CitgoEP Cowvi68 APG 80 Gear 0468
EP 1500 Goar Oil NCGariM M 2 tgo EP Cem"o- 320 AGG 90 Gear 0il 320

pler S ear a '000 Pr ion Grease MS NP NR Cogrease L Lube
VWMv W Uthu Polyurea EP Greee 2 Otgo am LftIrw EP Grease #2 Litwiri #2 EP EP GCadffi Grems 2
I'Aoly Lithiurr r'rase Mcilv Grease 2 Dr~go Exira Range Grease NR Super Luce M Grease
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PLANT ENGINEENN'S CHART OF INTERCHANGEABLE LUDICANTS

Plant ISO Viecoefty,
Enieein Viscos"t SUS at Cook's Indualtrial
Desigatio Grade Lubricant Type 100 F Convoy Oil Corp. Lubricants, Inc.

PE-150-A 32 Lih ittled FN~ac& Gen.Pwpose 135-165 Con HY 618 Ates 8
PE-215-A 46 Med. "-tited Htydrauic & Gen. %pose 194-236 Con HY 128 At)sv 10
PE-315-A 6B Med -Heaivy Inhi~ed Hyid & Gen. %-Pms 284-4W Con HY 138 Atevis 20
PE-700-A 150 Heavy iwed Hyasiuic & Gen. Piipose 630-770 Con HY 178 Aklevne 40
PE- I50-P 32 H-lglv-ressure (Antf-Wear) Hydraulic Oil '35- 165 Con HY 6?8 Albavis; 8 Hyc Oil
PE-215-HP 46 r-igrr-Pessure Anti-Wear) Hydraulic Oil 194-236 Cori HV 128 Albavvs 10 Hyd Oil
PE-315-HP 68 ip-Pressure Anti-Wean) Hydraulic Oil 284-346 3cn, HY 138 Albavis 20 Hyd. Oi
PE-FW41 - Fre-Resstarit ltyd Fud/Synthetic Sy, C"n FA1 Fd NR
PE-FM4.2 - Fre-Resaeat +yo Rad/Water-G"yo Corm, FS Rid WG w
pe-fN4- - FreRes. I-td. FkjdiWatrOi Esmision Conmvy FR FiA1WO NR
PE-32-8 2 Very Ligr SPirle Cii (Over 6000 rofri 29-25 Soirfr*e Xf. t
PE404 10 LigM Slaindle Oil 3600-&Xr.0 'cim 54-66 S;piniree L Srile -,! 70j
PE-105-8 2 2 Soindle Oil (tp ! 3600) cwni 95-115 S3,r'e'A Scidle' 1, 5
PE-150-C 32 LghtWay 00 135-165 '4eyyrir, 160 Way Lb
PE-315-C 68 MediumWayO04 284-3A6 Waybe 3 10 Way Luie 20
PE-1000-C 220 Heavy Way Oil 9w I0- V.% Vaykje 1 O0 Way Lue 50
PE-700-0 150 Lugrt Gear Oi EK3&7C OQ C ow EP8 Gear litec K
PE- 1000-0 Z;o Medium Gear Oil 900' 11It00 -,onep I10 EP Ge6ar woe, 'X
PE-2150-Ci 4~C r-eavy Gear Oti 1_______935,2365 Conewp '4 7-- I U.b 40
PE-3 Il5-E 68 Lght Ex~rv- re Gea Oil 28a-347 C4011tar uQ,1 EP Gwe -,oe b
PE- 1500-E 320_ Heavy Exfem-Pres-r Ges, O0 ____ 1650 C ont Heavy EP~ Gear LL* 110
PE OG-G - C'n-yeGear l~ Open;3'- ir 'Thnshi ii Oper Sear cry'Dun
PE-GPG-2 - Ge b m-8as 4-Gse.' 2 OCmeroy Lito EP-2 LUrsai Premp, Grease
PE-MG-2 - wme'r fi E F 0G'nase -Convry kkiy EP-2

puant ISO VISCOutty,
Engineering Viscoot SUS at
Designation Grade Lubricant Type 100 F A . W. Eaken, Inc. E/M Lubricants, Inc.

PE-1!0-A 32 Ligh dVtne Hoakii & Gew. Rupms 135-165 Fku~dvis 32 K 15032
DE-2 'S-A 46 Med W6Wta i-tymak & Gen. Ptrpme 194-236 Fiudvis 46 w
PE-315$-A 68 MWd.+imvy MbWde F". & Gen'. RPoee 28436 F"isl 68 K 15068
PE-700-A 150 Heavy VW- Hydtiic & Gen. Purpoee 630-r, 0 Remvi 150 NR
PE- 150-HP 32 H~r-P-pse (i- Wearl Hydraulic Oil 135-165 Premo 32 K< '5032
PE-2 15-HP 46 4iigt-ressure (Arti-wear) Hydraulic: oil 194-236 46 NRY 4
PE1315NP 68 riq-P-essise (AriF ear) Hydraulic Oil 284-346 Prem~o 68 K 15068
PE-FH- I - Fmes~t Kyd Fid/Sotebc w w
PE-FRH-2 - Fr+-Ressaritl-W. FkadIWale-G"y NP NP
P-RH-3 - Fire-14s. H-yd. RW/WalW-C4 Erlismr NA NR
PF-32-8 2 2ery Lgrt Sciridle Oil i(Over 600C rpmi) 29-35 R NR
PE-b"- ~ grl Spincile 3c 3 600-6000 rDmj 54-66 Eaken, Spindle Oii NR
PE-10W- 22 Spindle 01! (UP' 3600 r1)) 95-'i 15 Prei-c, 22 K 15M324
P-1-1W0- 3 ight Way Od 13& 165 Way ao K 15032
PE-3 15S-C 68 Merjj,, Wey 00 284-34 Wayal 70 K 75068
PE-1000-C 220 Heavy Way Cid 900-1100 WayeA 90 K 400-90
P1-70 I Y I5 -1gol Gear 0:! 63&-770 iuKid.S -,50 K 460 85W'40
P1E-1000- 22C Medimn Gear Cli 900-1100 Piuiovis 22U K 400 90
PE-2150-0 480 -'eav Gear Cd 1935-2365 ;idvrs 460 K 400 14C-
PE-$ 68 Light b~-me-Prare Gm Oil 28a-347 Gm-X 2E N
PE-1500-E 320 Hwy ExterrePreswrs Gem 01 1350-1650 Gwa-X 6EP K 400 90
PF-OG-G - Cling-Type Gear Slheid (Ooen Gears) hp K 333-
PE-GPG-2 - Gent' Pupae ER, Liftr-Bas Gease WGI2 w K IV~
ft-MG-2 - Molytdern [Asfide E.P Grease p K 558

2 oA-- 7w 9 '25 via 4Cw ~w~



Dirmx
Industria Dairlw4iowtanld Delta Resins Du Sole
Corp. Ofl Corp. Retractouiss Dryden Ofil Co., Inc. Chemicas

I-yd, 100 ConvisOC 150 Delltalene Lite~y l-".00930 Paraden32 R&O MC-10
Hy" 100,'200 Ocrivis OC 200 Deltaliane Med. -+4. Oil 0931 Paradene 46 R&O MPO-20
Hyd 1001200 Colvi OC 300 Dettalene Med--Iy H-ydJ Oil #932 Paradene 68 R&O Wvf"&20
Hlyd 1001200 DSL 48 Deftalene Heavy 1-lydl #1934 Paradene 150 R&O EGO-80 90 or 430-KC
Hyd 100 DSL 44 Deltalenre Lite Hyd Oil #930 Paradlene 32 AW Blue HY(d LigI MAPG- 10
Hyd I100;200 DSL 45 Deltalene Med Hyd Oil :t931 Paracene 46 AW Blue lyJ 10 MPO-20
ilyd 100 '200 DSL 46 Deltalene Med-My Hyd Oil 1:932 Paraapene 68 AW Blue Hya 20 MPO-20
DarnexNF 50 DSL Sy-raulic NR RlP
FR 150 GW DSL FR-200 NR RN
FR 100 E DSL Hlyo-raullc N NRPrc-Sate __

SPO L Conspin 3 NR Snpc51!i2li
SPO M Corispin 6 Delta Light Spindle Oil -Z52E S~indlo 0d !,, NF;
SPO H Conspin 10 NRl S ;re Ol!22 _____

Darmex 10 Way Oil 75 NR Way Luoe 3? i
Darmex 1050 Way Oil 80 NR Way Lxpe80 'F
Darmex 9140 W. Way Oil90 NR Way LLe 90E %0-81391"
Oarrnex 50 Convis OC 750 NR P3raoene i~C 1 iP-3
Darrnex 9140 Convis 00 10W0 NR P~raaene 220, N APC PC*92 ,--
O~armnex 140 DH- 167 Delta IF-5 Gear Compound --2S7E-- Parale- 460 VV AD,- 85W 140 Er, --
Darmex GO 1050 Compound 1 NR EP Gear Lube 42 M' G-2f
Darrnex 9140 Comnpound 4 NR EP Gear Luie 6,ESGL 8OW 4O E&P('C-9C !46

Darmex 42 1 Open Gear #2 NR NP
Darmex 123 AP Lithiun EP #2 Delta Lihium Grease 2 #242 L~tiwtin EP #2 TPG -__ _

Dannex 123 M Pol. Mioly NR Moiy EP zt2 MAPC-25

Fairbest Corp.
Exxon Co., U.S.A. Allub. Product Filifte Oil Corp. Gard Corp. Georgia-Carolina Oil Co.

Teresstj 32 or 33 Hydasheid 150o hdsial 150 HydraGard R&O 32 G-C Turbinwe CA Lw~t
Teiresstilc 46 HillSheld 20M Intrial 200 htydaGard R&O 46 G-C Tuyrre O0l 15
Teressbc 68 !-Shild 300 ~ iral 300 "-~Gard R&O 68 C7- Ttggm Owl Meiurn
Teestc ?5o i-4i- d 800 iriustal 750 Hlydraiard R&O 150 G-C Trtirie C-4 Extra Heavy 40
Najio H 32 Ftydra-Shieldl 150 Industrial 150 -tydraGard AW 32 G-C Safely-Press AW Light
Najo H 46 l-tycb'a-Shield 200 lrwustnal 200 H-ydraGard AW 46 0-C- Satety-Press AW 15
Nkito H 68 Hydra-Shueld 300 Industrial 3W0 HydraGard AVW EA G-C Safety-Press AA Medium

wP NR NR SafeGard FH i-k4dSF NR
NR NR NP SafeGard FR RkudWG NR

311 FR l-" Fluid -Susld FR4 NR SafeGard FR RuldWO NR
wP NP NP SpinGard 2 NF

Soinesslic 'C ILubr-Shiueld 60 rndustria! 5G pn(3ard 10 0-C While S'a, Spindle Oil 6C
Spinesslic 22 ILobo-Shield 100 Industrial 100 SpinGard 22 G-C- While Star Sindle Oil 'OX

NP Lutx,9W-Se# I Way Lue I Gardway 32 G CWay 00Lght
FebG K 68 Lufri-&uid #2 Way Lube 3 Gardway 68 0'- Way O0l Medium
Feftes K 220 LwutnNStuid #4 Wry ILue Grw~ay 220 0-C- Way Oil 90
ressic 150 Lubn-Shei #3 Gear Nrm 0C Gare~gear '5C 0-C TrarS Luoe 55

Teresstlr. 220 Lubrn-Sleid #4 Gear Film 90 G ardqear 220 G-C Trarns Lutbe 90
Teresstic A160 or C~isslic TK 460 ILtx-Sloed #5 Gear Fim 140 Gardgear 460 0-C Trans Lube 140
Spartan EP 68 ILifr-Sheld2 Gaar Fim50 GardqearEP 68 137CEP GmrLue 45
Spartan EP 320 Libw-SheWEP 9OI.GO Gear Fr110 GardgearEP 320 G.- EPISM Lube 90
Suret1 N&1k Lutn-Sgeld 0( L I-" Lubriolate Gear Shid Gardlac 22C IC iuo (pew Gear Lutbe 50
Lidok EP 2 LL&N--UKiv KL{-MC ILbt~pte 1200-2 Gard W Lrftrn #2 G-C Bar Bay 55-8 ___

Beacon' 02 "t-Siweld 24-W Liple MCA4 itt 2 a~i- l Hem[) ;R 0C e BP
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PLANT ENGINEERING'S CHART OF INTERCHANGEABLE LUBRICANTS

plant ISO Viscosity,
Engineering Viscosity SUS at Getty Refining A Markeiting Co.
Designation Grade Lubricant Type 100 F Eastern Region Central Region Western Region

PE-150-A 32 Lot kibted Htm~iic &Gen. Rpose 135-165 Atutno 50 Siketm W 1150 150OAW Hyd.
PE-215-A 46 Mod. lriitlea Hyaatic & Gen. Pijpose 194-236 Atutno 58 S2keiv tll+t 1 10 AW yd.
PE-315-A 68 MNd -eavy' trted H-yd. & Gen Purpose 284-346 Attxfln 60 Skem W-t20 20 AW ?tyo
PE-700-A 150 H-eav Irhlbied Htydraulic & Gen Fspose 630&770 Atr" 7 !Sl~efvs N+l4 N

PE-1504HP 32 Hgr-ressure i Ari-*ear) hydraulic Ci i65 A turunr- 4 Ii Skelvis MP 150 150 AW H d
PE-215-HP 46 Hcr-Pressu5tre iAnli-vNear, Hydrauif. Cil 9.1-236 4!urt~ro ;AI 59 spivis kip 10 1C AW HV7

PE-315-HP 68 Hicri-Pressure f Anl-Wi-3r) Hyarauiic DOi 34 346 !urcrio -W', 9'3 ~ i MP 20 20 4W Hyc

PEifRI4.1 - Fire-ResziVan: htd. Fiud, Syn1Iieic NFNRP,1Z
PE+M4i.2 - Fe-Resstant Hyd Flu-' Water-Giycol N tip NR
PE-FTl- - -Fie-Fles Hyd. FKd Wate:-OI £rnulsion _____. 'IF,__________

PE-32-8 I- Very Light? S;pindiee C 'C>'600 rim 23-3 'i' t
PE-60-8 '0 Lgn So)IfKde Oii f 600-60 0 r!n D4-66 :4

PE-105-8 -2~ Spiode C"1! I 'j c1 !C0 rpm) ___ 5 _____ .~$'d ____ __

PE-150-C 3~ 2- t Way DIl 13S- 1 F, *vri50 selvis 150 N
PE-315-C -8 Medxr. Way Oil 284-346 A*,ricj 6' Skefvr. 20
PE-1000-C 220 Heav Wa Oil 9O-110y3 .u~n7; s.~evs 5G _ _ _

PE-700-O 0 Deaj C- 3-C Cej 45 At 1~4

PE- 1000-0 ,2 iellium Gear Ui --0C3-'C r)6e r U - Gea' 3; -,r
PE-2150-0 .6,- :e Ga r C0! 13352365 96su~~ Gear '40 '9e 4

PE-3 I -E 15, Lo x.T.Fre eGa 283-347 NP GP Gear bC
PE-1500-E -1evEter-rsicerd!5,50 Apresluce 86 NR NF
PE-OG-G Ir-,eGr h 'r. ___NPNP

P GPGE Pe',RfPutt -Base Grpase- N__ itt-e2AJx VF -2 C3etr/ APEP Z2 Getri %*,;P zs2

PE-MG-.2 -Al ciiPvi rn. - res

Plant ISO Viscosity,
Engineering Viscosity SUS at Inte-state
Designation Grade Lubricant Type 100 F Oil Co., Inc. Jot Lube, Inc.

PE-150-A 2 . LiptoIr ed l#auw-c& Gen. purpose 135- 165 Resistal EP h-i15 NR
*--21f-A 46 Med. i-tteu rtycaihc & Gen. Plipose 1,94-236 Resistal EP '1-215 N
Ft-315-A U6 Med -teavy lrifted Hvd. 8 Gen. Paipos 284-346 Resmta EP -- 315 "P
P6.700-A 150 Heavy hniited 1HyiauiE & Gen. Pupose M0770 Resista' EP H-700 NR
PE-1I50-HP 32 -1t'P~sr niWaiHia~ 3-c- 65 esistal EP H- !50 NP
PE-21I5-HP 4F .-iqrr-Pressure iArti- Wa,'i Hyd'iir. C- 1 94 -36 jIes~sial EP i2 N
PE-315-H'P a 8 1Assu A- )~" Hy~jruii;l'Di5T e-3'46 Resistai EP H-3~EN
P;-FRI+ I - re-Resistant Htyd Fud/SyThetl P N
PE-FX-2 - Pie-Rleswsrn, )-yd RidiWate-Gtyd NR N
PE-FRH--3 - Pres Hyd. Flud/Wair-Gil Erris N
PE-32-8 -r qr clei~3 C~r60rm 2- 35 Sprce C ii S-32

3c'ind'e 'li 1555rm) 14-66 Spindle Cii 5-60 N
PE-105-8 - m 'i 7~ -- 95,115 Soirxde Gi S-lO1 C5

PE- 150-C 32 ;.tWay Oil 135- 1 V Way-Hyd LLc W-150 N
P6-31I5-C 58 Med i Way -id 264-346 Wav4tyd L"~ YV-315 NR
PE 1 000-C 235C avy Way 1_ _ _ 900- I100 way-l-tvd. LutoeW'-CXJ wP__

PE-70-O,'~ *-, ', 13Q -1 C'-7C lip

PE-1000-0 15 A->- '9 ' ici H-'OC0 N
PE-2150-0 160 ".. .-.. _ _ '955-2-365 irr- Cil H-2:156,

PE-31I5-E 68 L q I E'erePsie Aea 7f A 283-347 irol EP O0l 315 .14
PE- 1500-E 32r5 -".avy Elw-essure Gea Ci,, 1350-1650 Ind. EP 04l 1500 14P

PE-GPG-2 G- en purpose EP LitrEase Grea'e W'tC2 I-S P 5i CB-2Geae &2 202 _ _ _

PE-MG-2 -ki Ac.',J-nj E ~re-~a 5'~O ~e2 & APO 5J-06 31 2

f. jA .r4* S, &V' -O t.t, -"
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Imperial Oil & International Refining &
Graphite Products Corp. Gulf Oil Corp. E. F. Houghton & Co. Greae Co. Manufacturlng Co.

NR Harmony 32 Hyro.-Ore IP-150 Malib-Aioy 601 RMCO HL-14
NR Harmony 46 Hydo.rive f-200 MoU>Aloy 602 FCO IL-20
NR Harmony 68 1yFlo-Onve IP-300 Moku>Aloy 603 FWICO FIL-30
NR Harmony 150 HydroOn HP-750 Mokit-Alloy 606 RAO HL-69

NR Harmony 32 AW Hydro-Orive HP-150 Tribol 771 IRMCO HL-15
NR Harmony 46 AW Hydro-Crive HP-200 Tnbol 772 iRMCO HL-21
NR Harmony 68 AW Hydro-Drive HP-300 Tribol 773 IRMCC HL-31

NR a Hougto-Safe 1000 Series 7  NR NR
NR FR Fluid G-200 Houghto-Safe 620 NR NR
NR FR Flud Houghto-Sate 5000 Series rnboi 587 t

GP-SO-#40 NR NR NR NR
GP-SO-#70 Gulfspin 10 NR NR !RMC S-
GP-SO-# 100 Gulfspin 22 NR NR RMCC S-,

GP-MWO-305 Harmony 32 AW Hydro-Onve HP- 150 Motkb-Altoy MWO 10 IRMO W5

GP-MWO-1000 Gultway 68 NR Molub-Alloy MWO 20 IRMCG W i
GP-MWO-1200 Gutfway 220 Sta-Put 3703 Molu-AJloy MWO 40 IRMCC *,-",

SS-.GO-#80 Harmony 150 or 1500 N Molub-AIloy 30 RMCC ,!-7C

SS-MGO-#0 Harmony 220 MP Gear Oil 90 MoluD-Ailoy 40 IRMCO rL- 125"
SS-MGO-# 140 Harmony 460 NFP Molub-AIloy 494 1RMC -,L -5

SS.MGO8/90 EP Lube HD68 NR Molub-Aloy 804 IRMCO G2EP
NR EP Lube HD320 NR MOlub-Alloy 690 IRMCO G6EP

GP-OG (MED) Premium Lubcote EP Tenac-M Molub-Alloy 882 EP-H NP

GP 33 Gulfcrown Grease EP #2 Cousoube #2 Mo&-Alloy 777-2 IRMCO MP-2

GP 3 Gulflex Moly Hi-Temp 24095 Molub-Allov 777-'- PMCC Mclv-Ternp

Kendall Refining Co.
(Division of Witco Kent Oil Co. Keystone Div. Lubrication
Chemical Corp.) (Moly NRG) Pennwalt Corp. Leahy-Wolf Co. LubraSystems Analysis, Inc.

Kenod R&O AW-32 MoIy Special Bury #10 KLC-6 Gold Seal Hydrol W SWO 32 or 1GM 5W-20 Hyd. O 150
Kenod R&O AW-46 Moly Special Duty # 15 KLC-5 Gold SeaW -ydrol W-H S- 46 or 1GM 5W-20 Hyd. Oil 250
Kenod R&O AW-68 Moly Special Duty #20 KLC-4A Gold Seal Hydrol S SHO 68 Hyd. Oil 300
Ken-Tran 080 Moly Special Duty #40 KLC-3 Gol Seal -ydrol 400 SHO 150 Hyd. Oil 700

Kenod R&O AW-32 Moly Hydro-Servod #303 KLC-6 Hydrol Master WHO SHO 32 or MHO 10W-30 Hyd Oil AW 150

Kenoil R&O AW-46 Moy Hydro-Servol #304 KLC-5 Hydrol Master WHHD SHO 46 or MHO 10W-30 HyCi Oi AW 250
Kenoil R&O AW-68 Moly Hydro-Servod #305 KLC-4A Hydrol Master SHO SHO 68 or MHO 10W-30 Hyd Oil AW 300

NR NR NR Hydrol Mast FR-S NR NR
NR NR NR Hydrol Master FR-G NR FR-01 #3
NR FR Fluidk.wert Emulsion NR Hydrol Master FR-.FWE NP NP

NR Moly Spindle Oil-Extra Light NP NP N Spindl Oi 32
NR Moly Spindle Oil Light NR Luoemaster MAA SPL 10 Spindle Oi 6C

Kenoil 040 Moly Spindle Oil Medium Spindle Oil #4 Lubemaster MA SPL 22 Soindle Oil 100

Kenod 945 EP Moly Way Oil #10 NA Tac Master EP 1000 NP Way Oil 150
NR Moly Way 00#20 GP-20 Tac Master EP 2000 WAL 68 Way Oil 300

Kenod 985 EP Moly Way Oil #50 GP-30 Tac Master EP 5000 WAL 220 Way Oil 1000

Ken-Tran 080 Moly Gear Oil #89 KLC-3 Gold Seal Hydrol 400 SHC 150 Gear Oil 700
All Oil Gear Lute 85W-90 Moly Gear Oil 90 or 89 1790 Gold Seal Hydro; 500 SHO 220 Gear Cil 900
All Oil Gear Lube 140 Moly Gear Oil 140 or 123 1791 Gold Seal Hydrol 700 MIG 85W-140 Gear ol 140

N Mty GeaO F 300 NR lIna EP2000 N Gear O EP 300
Nlree Star Gear Lube Moly Geer Oi #123 WG-I nusial EP 600 1GO 8OW-140 Gear Oi EP 1300

SR 12X Moly Open Gear Medirw 426 Metallic Gear Cote AOG Spray Gear Lube

L-426 GP-2 or 7Pus2 81 EPLT Li lMuler 200 MML EP2 #2 Grease

L-424 7 Plus 2 NP Lith Moly Master 200 PCL EP2 or h"L EP2 #2 Moiy Grease
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PLANT ENGINEERING'S CHART OF INTERCHANGEABLE LUBRICANTS

Plant ISO Viscosit, Lubriplate Div.
Engineering Viscosity SUS at Fiske Brothers
Deeilnatlon Grade Lubricant Type 100 F Refining Co.

PE-150-A 32 Lot &OWte H-yftubc & Gen. Purpose 135-165 HU-
PE-215-A 46 Mod. Itded Hkauhc & Gen Ptipose 194-236 10-1,
PE-315-A 68 Med -Heavy Itibted Ftyd. & Gen. Purpose 284-346 HO-2
PE-700-A 150 Heavy lirtted 1-ydraulic & Gen. Purpose 630-770 H0-3
PE-150-HP 32 High-Pressure 1AntiiWean) Hydraulic Oil 135-165 HO-O
P1-2 I 5-HP 46 High-Pressure iAnti-Wea0 Hydraulic Oil 194-236 HO I
PE-31I "P 68 High-Pressure I Anl-Wear) Hydraulic Oil 284-346 HO-2
WI- I4 - Frtesistarit 1-ty Fkxd/Sy, nT~b Rf

PE-FIV-2 - FirePf~sIstar't Hyd. Fkd/Water-G4ycl N
PE-MRK - Fire-I'les. Hyd. Flud/Water-O0l Errujsfo N
PE-32-8 2 Very Ligh Spindle 0il IOver 6000 r)mi I93
PE-10-S 1C Lignt Spinidle 0C ,,f360-6Yor. 'pm) 54-56 0
PE-105-8 22 Soindle Oil (Up lo 3600 mm)r 951g_____ ________ __

PE-150-C 32 Lo~t Way 00 135-1651
P1-31I5-C 68 Modim Way Oil 284-346 N-o. 3-V
PE-1000-C 220 Heavy Way 00 90c, 1 100 No._ __ 4_ _ _ __ _ _ _

PE-700- 150 Lght Gear Oil 610771-, APQ 3C-
PE1-I000-0 220 Medium Gear Jil 900- 11 00 C-n
PE-2150-0 4E60 Heavy Gear Cii !T,35-236-' AP&j 4: __

P1-31 SE 68 Light Extreme-Pressure Gea IN 283-347 APG 810
PE-1500-E 320 Heavy Extrw~e-Prewire Gea.r Oil 1350-1650 APO 140
PE-OG-G - &1Irig-7ypp Gear Thielk (l -Grn__ Gear SrhKlI
PE-GPCA-2 - Gw Pgx E P. L fllrn-Fa% ease LGJ 2 No 630-2_ _

PE-MG-? - Vic'y'denurnm td EP Reaei4~r Nc 2

Plant ISO Viscosity,
Engineering Viscosity SUS at McGean-Rohco, Inc.
Designation Grade Lubricant Type 100 F Rohco Dlv. Metal Lubricants Co.

P1-150-A 3.' LKt hbdea Hyraulic & Gen. Purpose 135-165 MvcEase AW 'AL Polymer Oil 10 Milellran AW 405
P1-2 15-A 46 Med. hht~ed Iiy'JaulIC& Gen. Prpose 194-236 kEae AW/AL Po"eOil 10 Metran Av4t10
PE-315-A 68 Ned -Heavy lrhhtied -rydl & Gee. PRypose 284-346 Mc2,,;a AW'AL Polyr Oil 20 ki~tran AW 420
P1-700-A 150 Heavy wt~Ired Hdaiiic: & Gen, Purplose 630-770 MEase 75W/90 Pol'wn ail Memgan AW 440
PE- 150-HP 32 Hqlh-$PreSsur , Arti-Wear) Hydraulic Oi 135-;65 McEase AW AL Doiyrmer Oil 10 Melftran AW 405
PE-215-HP) 46 High-Pressure I Anti-Wear) Hydraulic Oil 194-236 MvcEase AW',AL Polymer Oil 20 Mleltran AW 4 1 f
PE-315--P 68 1Kjt,4-ressre (Ant -Wean) Hydraulic Oil 284-34 VMaase AW / AL Polymer Oil 30 Meltran AW 420

W4464- hire-esistant Hyd PWl/Synt1ebc NR N
P1-FRH-2 - Fire-Resistant dfyd Fluid/Water-Gyco NR Melsyn FR 200
PE+1*H-3 - Fire-,Res dfyd FluidiWaler-Oil Ermi NR NP

P132B2 _ _VefrybLgh Soirdl Oil Over 600 rorn) 23 5 tkEase 4W/AL Polymer Oil IC NR
PE-60-B ( L'(4nT Soiralie Oii 3E00-O000rprmi 54-56 Ivc~ase 4W- AL Polymer Oir 10 MeLspin 5
PE-105-8 Soirwile,0 Oi J(p I, '16X rpm) 95- i5 McEase AW/AL Polymer Oil IC Mletspin 3

P15- 2 Lq,'Way Oil 135-165 McEase AW /AL PolyroiIn Meftac WVL-221
P1-315-C i,0 Midun Way 011 284-346 McEase AW/IAL Polmer Ni eltac W-222
P1-1000-C 22C ieav.y 'ay Oil 900-11 i0 NEase 75W/90 PoN Metac W-224 _ _

P1-700-0 -5 Y Lgr!t Gear Oil 639-770 'Nr ase 75W 90'q Po'lymer Gear Dil Meltrar 4 440
PE-1000-0 220 MAedium Gear O il 900-11 0C McEase 80W 140 Pzolmer Gear Oil Meltran AW 450
PE-2150-0 460 Heav G'ear Oil 1935-2365 NR Mietrar 4W 480

PE-315-E 68 LK)MtExtrerne-Prewre Gear Oil 283347 NtEase AW/AL Poyme Oil 30 melcoke 10 1-OP
PE- 1500-E 320j Heavy Extreme-Pressure Gear Oil 1250-1650 MicEase 80Wi 140 Polyrr Oil Melco&e 105-O-P
PE-OG-G Cong-Type Gear Shieid'Open Gears) _ _

PIGP-2 -.- Gen Puirpose E P Liourn-Base Grease W'G2 NkEase K&C2 Veto P%2
PE-MG-2 - loytydenur Dtsulfrie E P Grease fl Meconxjy 4'K1
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McColIwstA Co.
Luscon Indutvte Corp. Mainpro, Inc. Mettek A. Margol A Sons Corp. (Unitd Petoleuni Corp.)

Hydrahte 32 Libra Shw 50010 FMY 32 Swowa TP 10015-7 Ur" R&O 32
Hyakie 46 NR ~ MY46 Sio~umTIP 1M20-7 Ur" R&046
ltydakibe 68 Uhra Slied 5000-20 KWY 68 Sogam IP 100-3w- Lkwst PAO 68
Hy~akibe 150 ltra SKOWel5000-30 MkHY 150 Sikgw MP 707 LINA R&O 150
Hydralube XD32 or 32AW Ultra Shild 50013-10 MHY 32 Silogrm TIP 100-15-7 Univts Hyd. AW 32
Hydralube XD46 or 46AW NR MHY 46 Silogram TIP 100-20-7 Univis Hyd. AW 46
Hydrakibe XD68 or 68AW Ultra ShiW 5000-20 MHY 68 Silogrn TIP 100-3G-7 Uflhvts Hyd. AW 68
Unisafe SF NR NR NR NR
Unsae 40A) NP NR Sk~gram FR lid 200 NR
Lhsfe WO NR NR Sibram FR EaxAlsionkad NR
LC40SOLV 30 NP NR Silogran LVS 35 NP
Hydralube T- 10 NR MSP 10 Silogram LVS 60 NR
Hydralube T-22 NR MSP 22 Sibgram LVS 100 NR
Wayluie 32 LISEP Pinaac 10 NR Siog~rrmNP157 Way Ci 32
Wayie 68 IS EP Pnientic20 MvW 68 S&ogarn MP307 Wa Oil 68
Wayie 220 UIS EP Preunatic 40 MW 220 Skogw mPf 907 Way CiN 220
Hydralube 150 TK-65 80 /90 MHY 150 Silograrn MP 707 Univis AW' 15C
Hydralube 220 TK-65 85W/ 140 MHY 220 Silogram MPD 907 Univis AA 220
1-ydralube 460 TK(-65 140 Manco MP 85W- 140 Sidogram EP Gear 140 Unvis AWV460
EP Covipwd 68 TK- 100 20 NP SUocjaEP Gear 80 EP 58 Gm ar p
EP Coriund 320 TK- 100 85W/ 140 Acclaimn8OW- 140 SilogarnEP Gear90 EP 320OGear Comnp
ALGO M-90 TK- 100 140 NP Silogram Moly Cling NR
Uftin (keese #2 Pro Lube 600 Staiid EP2 Silogran Ceniraied EP 2 MP Uihu
Moty Grease #2 Pro Lue 800 Manco Moly EP2 or Elte EP2 Silogam HID MO-Liffi Moly Poly Lithium Compiex

Metalworking
Lubricants Co. Mobil Oil Corp. Moroll Corp. National Chemsewch Niagara Lubricant Co., Inc.

MebhteHK-100 ModDTE Od Ugh R&O 100 HLN-U or Skzze 5W20 Nis VisR&032
Metitie H-200 Mobil OTE 01 Med. R&O 200 HLN-46 or Sokidiz 5W-20 Nia Vs R&O 48
Metkte H-300 Mobil OTE 01 MW+Ivy R&O 300 l1.N.8% ia R&O 68
Me&& eH-700 MoblDTE O1ExtraHseilvy R&0 750 HLN-150Ni MVis R&0150
MeflubeNK-150AW MobilIDTE 24 AW/AL 100 HLN-32 or Enerlex IOW-30 Nia Vis R&0AW 32
Metlube H-200AW Mobil OTE 25 AW/AL 200 HLN46 or Enerlex 10W-30 Nia Vis R&O AW 46
Metlube H-300AW Mobil DTE 26 AW/Al- 300 HLN-68 or Enerlex IOW-30 Nia Vis R&O AW 68
Mesafe FR 310 MobiPyrogard 53 Def NP NR
Melsafe FR 200 Wmve FR 200 Fkjd NFlP NP Mwlc Hyiok.& 446
Metsafe FR Mobd Pyiogard 0 NNP NP
99C21 Mobil Velocrie Oil #3 NP NP NP
Meflube MS Mobil Velocite Oil #6 Spindle Oil 10 SLN 10 Spiridol 10
Metway 100 Mobil Velocite Oil #10 Spindle 0122 SLN 22 So'idol22
Lubene 150 mow Vacta01 #1 Way Oil 32 NR *agm Wsye 32
Liubernet 486A MoilVwta01 #2 Wa", A68 WILN 68 Nagur Wakie 68
Lubemnet 4868B Moll Vact 01 #4 Way Oil220 WLN 220 Nagura Waykibe 220
Lubernet 46220 MobiDTE OiIExtraHeavy Indlube-150 HLN 150 Aragain 150
Lubernef 4622A Mobil 0Th Oil 88 Indlube 5-220 HLN 220 Aragain 220
Lubernet 46228 Mobl 0TE Oil HH Indlube 5-460 Gearco 85W /140 Aragain 460
Lubenit 2EP Miodgser 626 Inlie 104 NP kArWh EP 68
Lubmrnit 1500 MobgWW W2 khlbe 10-w2 ESamt8OW- 140 AuagauEP 320

NR Mobitac A NR GEX Gear Sliieio Spec X9277
Litmmet M IC21 Mobihi EP2 NP Like Pkis EP2 or Chern-A4.ube W. 660 EP2 Th.Gwd EP #2

NR NP N Lube Shield EP2 EP Poly Molv#02
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PLANT ENGINEERING'S CHART OF INTERCHANGEABLE LUBRICANTS

Plat ISO Viscosity, The
Engineering Viscosity SUS at NonFluid North American Ore-Lube
Designation Grade Lubricant Type 100 F Oil Corp. Chemical of Texas Corp.

PIE-1, 32 Lioit WInbted H" Lc & Gen. Purpose 135-165 1183 Pow Lube 815 00230
P1-215,A 46 Med. httted Hyaulik & Gen. Purpose 194-236 1184 Pow Lube 802 00230
P1-315-A 68 Med.-Heavy hbed lyd & Gen. Pripose 284-346 1185 Power Lube 803 00230
PE-700A 150 Heavy itded Hydraulic & Gen. Iupose 630-770 NR Power Lube 807 00230-40
PE-1504P 32 High-Pressure I Anti-Wear) Hydraulic Oil 135-165 183 Power Lute 8 -- .0230
PE-2154P 46 High-Pressure (Arnti-Wear) Hydraulic Oil 194-236 '!84 Power Lube 9t_ 00230
PE-3154,P 68 High-Pressure (Anti-Wear) Hydraulic Oil 2F4-346 1185 Power Lube 803 00230
PI-FI1-1 - Fre-Pistae. l Hyd. FluKd/Synthebc FFf #68 C Fluio Pow FR-200 00141
P1-,41-2 - Fir&Pes-tant Hyd. FRud/Wate-Glyco NR FAud Power GHf-20 00265
PINT- - Fre-es l.tyd Fkd/Water.Oil Enrsion RiNR Fld Power 1810 NR
PE-32-B 2 Ver Light Spindle Cii (Over 6000 rpm) i)-35 NP Precsion 1924 0C227
PE-60-8 10 Light Spindle Oil (3606-6000 pr) 54-66 3C HSSC Precision 1925 0 )6
PE-105-8 22 Spindle Oi (Up to 36C0 rpm) 95-1 15 SP Oil Z30 Precision 1926 00107
P1-150, 32 Lot Way O4 135-165 NR Lube Way 15 00171
PE-315-C 68 Medum Way OI 284-34, NR Lube Way 30 00300
P1-1000-C 220 Heavy Way 0i 900-1100 F Lbe Wey 90 00301
PE-700-0 150 Light Gear Oil 630-770 Gear --,c :4 Gear Guard 60 20214
PE-1000-O 220 Medium 'ear Ci 900- i00 Gear Pro 'S Gear Guad 90 00173
PE-2150-0 460 Heavy Gear O! 1935 -2365 Gear Pro :7 Gear Guarc 200 ;0292

E-3.15-E 68 Liht Extreme-Pressure Gear 0 283-347 Gear Pro #2/EP Gear Guard 30 00214
PE-1500-E 320 Heavy Ext -m Pressure Gear Oil 1350-1650 Gear Pro #6/EP Ga Guard 130 00292
PE-OG-G - Cling-1 ype Gear Shieo fOpen Gearsi B-576,MS Gear Cling 11004

PE-GPG-2 - Gen. Rrpos E.P L fti as Greas NGI 2 G-60/EPV 0mepi a1 1026
PE-MG-2 - Mcty,denum Disulfic E P Grease Chem-Pfex 2,MS Omegaiine 2L-M 1C 260

Plant ISO Viscosity,
Engineering Viscoelty SUS at Pillsbury Chemical Rock Valley
Designation Grade Lubricant Type 100 F & Oil Inc. Oil & Chemical Co., Inc.

PE-150-A 32 Ligt Irhiltled I-ydrauc & Gen. Pu-pose 135-165 Power Lube 815 TrcW 150
K.-21 !-A 46 Med rtited Hydraulic & Gen. iupose 194-238 Pow Lube 802 Trojan 200
PE-3 15-A 68 Med.-Heavy Inbilted -yd. & Gen. Pupose 284-346 Pow Lube 803 Trojan 300
PE-700-A 150 Heavy dblml Hydratkc & Gen. Pipoe 630-770 Power Lube 807 Trqw 750
PE-150-HP 32 Hign-Pressure (Anti-Wear) Hydraulic Oil 135- i65 Power Lute 815 Trojan 160-AW
PE-215-HP A6 iih--,'essure 1nti-War) Hydfaulic Oil 194-236 Power Luue 802 Trojan 210-AW
PE-315-HP 68 High-Pressure i Anti-Wear) H clraulic Oil 284-346 Power Lube 803 Trojan 315-AW
P 1E-*-I - Fre-esistant Hyd. Fid/Syn'Mec Fkid Powe FR-200 NR
P1E-41*1-2 - Fre-Resstant Hyd. FW/Wa*r-G4ycW Rid Pow G3f-20 FR Hyd. Rid WG-200
14-*4-3 - Fie-Res Hyd. Flud/Water-Ol Eraion RAid Power 1810 NR

PE-32-8 2 Ier, Liqn! Spindle Oil l Over 6000 rpm) 29-35 Precision 1924 Rockspin 40
PE-60-8 'C iigqo Spi-dle Oil 60-6000 rom) 54-66 Precision 1925 RocKspin 60
PE-105-8 22 St(rnle Oil i Uo ",600 rrm) 95-' 15 Precision 1926 Rockspin !00

PS-15.,C 32 Light Way Od 135-165 Lube Way 15 Rockway 150-S
P1-315-C 68 Medurn Way Ci 284-34 LUbe Way 30 Rxlwy 300-S
P1100-C 220 Heavy Way O1 900-1100 Lube Way 90 Rockway 1000-S
PE-700-D 150 L,-,r* 3ear O 630-770 Gear Guard 60 Trolan 750
PE-1000-D 220 "ediurr Gear _i 900-1100 Gedr Guard 96 Trojan 1000
P1-2150-D 4,F0 Heavy Gear '.?l 1935-2365 Gear Guard 200 Trojan 2000
PE-3.154 68 Liht Extreme-Presse Gear 01 28-347 Gear Gumd 30 EP Gear Lube S-300
PE-1500-E 320 Heavy Externe-Pressure Gear 00 13501650 Geer Guard 130 EP Gear Luie S-1800
PE-OG-G - Cling- rype Gear Thela (Open Gears) Gear Cling Royal Drpess 1000
PE-,PG-2 - Gen Purpose E.P. Litha Greese LGI 2 Orneahne 7. Premium LUh 2
PE-MG-2 - lybdenum Disutfide F P Grease Omegalne 21-V Premium Moly-tith
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Pacer Lubricants, Inc. Parr Inc. Pennzoil Products Co. Philips Petroleum Co

Thermal T32 (150) NR AW 32 Iyd. Od/Penrecio Oi32 Magnus Od32
Thermal T46 (215) Hlyi oEP 82X AW 46 Fod ic / Peecood 46 Magus 0046
Thermal T68 (315) Hydrod EP 83 AW 68 Hyd OI/Penreco Oi 68 Magnus 0968
ThermalTl150(700) Hydrod EP 85 AW 150 HydOiI/PerrecoO09 150 Magns Ol150
Power V 32 (150) Hydroil AW 32 AW 32 Hyd Qil/Penreco Oil 32 Magnus A Cil 3 2
Power V 46 (2151 Hydroil AW 46 AW 46 Hyd Oil/ Penreco Oil 46 Magnus A 1A :6
Power V68 (315) Hydroil AW 68 AW 68 Hyd Oil,Penreco Oil 68 Magnus A rii68

NR NR NR NR
NR NR NR N
WP NR Maxmul HWdFRod FR NR

NRNR NR oRP
Spindle Oil 70 NR NR NP
Spindle Oil 100 NR AW 22 Hyd. Oil'Penreo Oil 22 'A~q W~ il 32
Tnj-SIde 150 NR NR N
Tnj-SAd 300 Way LLricant #75 Tabkviays Lube Madum NR
Tru-Slde 1000 882 Gear Lube SAE 90 Tableways Lube Heavy NR
Goltex AGMA 4EP NR AW 150 Hyd. Oil/Penreco Oil 150, Magnus Oil '5C
Gollex AGMA 5EP 882 Gear Lub~e SAE 90 AW 220 Hyd. Oil/ Penreco Oil 220 Magrus Oil 221,
Goltex AGMA 7EP 882 Gear Lube SAE 140 AW 460 Hyd. OiliPenreco Oil 460 Heclor Oil 460 200oj!3
GoderiG Gearoyl AGMA 2EP NR Maxol EP Gear 09 68 Phiube APO-OSO8w
Golden G Gearoyl AGMA 6EP 882 Geat Lube 90 or 140 Maxiol EP Geer od' 320 Philube AP GO 85YV-90

NR Plastigear X NR Piiilsiik D, 1 ,I s

Synfim LCX Litoke EPA'P #2 707L Lube/Pemlt EP 712 Lubei/A' 705 Lube Philuoe EP-2
Litt-O-Mol Green Gold Moiy #2 Mol~sulfide 704 Lube/TIM 302 Lube Philuoe MW Grta ,

Sentinel
Henry E. Sansion & Sons, Inc. Schaeffer Manufacturing Co. Seaboard Industries, Inc. Lubricants Corp. Shell Oil Co.

N,n-Hyd. 00Lot # 112 WcroMoto HTC SAE 10 SiuperioR&0 32 S-l10Fyd. Oil Turbo 32
No-Gonl'tyd. Otd#10 # 112 Micron Mo*HTC SAE 10 Supeior R&0 46 S-10/20 -tyd. O Turbo 46
No-Gium Iyd. 04l #20 # 1121vaon Molly TC SAE 2C Superior R&0 6B S-10/20OFyd. Oi Turbo 68
Nr>-Gurn F". d l#40 # 112 MicroniMoly HTC SAE 40 &"=rioR&0 150 S-10/50M.P Cil Turbo 150
AW Hyd Oil 150 # 112 Micron Moly HTC SAE 10 Superior A/W Hyd 32 S- 10Hyd Oil Tellus 32
AW Hyd Oil 215 # 112 Micron MolyHTC SAE 10 Superior A/WHyd 46 S- 10,'20OHyd Oil Tellus 46
AW Fiod 0il315 # 112 Micon MolyHTC SAE 20 Superior A/ WHyd 68 S- 10 /20 Hya Oil Tellus 68
lRyck-Safe PE Series NR NR N.F. 65 NR
Hyda-Safe Standard G"yo Series' NR NR N.F. 650 NP
lHyda4.U Preiumi Emiswo Series 7  NR NR N.F. 750 NP

NR NP NP SPO L' NR
No-Gurn Spindle O)il L NP Superior Spindle IC SPO LM Tellus IC
No-Gum Spindle Oil 49 #119 White Ind. Machine Oil 5 Superior Spindle 22 SPO M lelius 22
No-Gumi H-yd. Way Lube 150 #203 EP Id Mad* 01 10 Suprio Waylube 32 S-10 NR
N-&ip Way Lubie #297 #203 EP Id. Mad~wi 01 20 Superior Waylube 68 S-10/50 Tomna 68
No-Dip Way Lubie Hleavy #203 EP Id. Mchkie O0l 50 Suerir Wayllte 220 S-50 Tomna 220
No-Gumn Hyd 0;1 U40 #209 Moly Univ Gear Lube 8OW-90 Superior EP Compound 150 S-75,,80 To rb 'SC
No-Gum Lube Oil 550-P #209 Moly Univ. Gear Lutbe 8OW-90 Superior EP Compound 220 S-90/ 140 I urbo 220
No-GunGear Oil n2 100 #209 Moly Univ. Gear Luoe 140 Superior EP Compound 460 S-140 Turbo 460
No-Gum EP Gam (Al #315 #20W Moly Ukw. Gear Lube 81W"G Supenor EP Compound 68 S-75/80 EP Ornala 68
N'-Gurn Lube 0i # 1500-V #209 MoDy Lhv. Gear Lube 8COW-90 Superi EP Comound 320 90 /140 EP Omnala 320
No-Grip TM #200 Molt' Silver Streak or #224 NP SOG Omaia H
Syndraluie #2 #221l" lUta800 EP #2 Sups= oEP GreameB-2 S1 123 Aw~ara EP 2
Syndralub~e 02M 4221 Moly Ultra 800 or #260 or #:248 Superior Moly Bento Lub~e SLM-2 Super Duty
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RLANT ENGINEERING'S CHART OF INTERCHANGEABLE LUBRICANTS

PAM ISO Viscosity,
Enginerng Viscosity SUS at Southwestern
Delgntlion Grade Lubricant Type 100 F Slegel Oil Co. Petroleum Corp.

P11506A 32 Ug I& R~ Id&Gn.iipose 135-165 TdonHd. Of#15 S oInd. Of 702-1
P1.215-A 46 Med. 1b 6 odratic & Gen. Pupose 194-236 Tron I-lyd. 01 #21 Swecpo indl. 01702-1
PE-315-A 68 Mod.-Hsvyk I dd I-yd & Gen.PRpoe 284-346 Tron Hyd Od #31 Swpcu ki. 01702-2
P1-700-A 150 Heavy hW I Hyuaic & Gin. Pupose 630-770 Thon H-yd. Oi #51 Swepco ind. Oil 702-4
PE-150-HP 32 Hig-Pressure (Anti-Wear) Hydraulic 01 135-165 Tfton AW Hyd Oil # 15 Swepco AW Hyd Oil 704- 10
PE-215-,,P 46 High-Pressure i Anti-Wear) Hydraulic Oil 194-236 Titon AW Hyd Oil =21 Swepco AW Hyc Oil 704-10
PE-315-1P 68 High-Pressure (Anti-Wear) Hydraulic Oil 284-346 Titon AW Hyd Oil #31 Swepco AW Hyd Oil 704-20
PI"-F-1 - Fre-essigllt Hyd. uAd/Synthiec NR NR
Pi-E4 - - Fre.-iatm Hyd. Flud/Wae.r-Glx NR NR
P-~ - Fre-R. F.l. Fkad/Water-Oi Eruao N Swepco FR Hyd. Ni 718
PE-32-8 2 Very Light Spindle Oil (Over 6000 rpm) 29-35 NP NR
PE4.-6, 'C Light Spindle Oil (3600-6000 rpm) 54-66 tNP NR
PE-105-6 22 Spindle Oil (Up to 3600 rpm) 95-1 i1 Tit0 r, AW -ya Oil i 15 NP
P-15&C 32 Lighlt Way Od 135-165 NR NR
P1-315-C 68 Medu' Way ol 284-346 NR SwoGear Lube 201-80!90
P1-1000-C 220 Heavy Way OI 900-1100 NR Swepco Gear Lule 201 90
PE-700-O 150 Lght Gear Oil 630-770 Tilor ,F ",ear Lube =80 Swepco Gear Luoe 201.-80 90
PE-1000-. 220 Medium Gear Cii 900-1100 T,ton MP Gear Lue #90 Swepco Gear Lube 201-9C.
PE-2150-O 460 Heavy Gear Oil 1935-2365 Trr MP Gear Lube a140 Swepco Gear Lube 201-14C
P-1 H Lg.t E8xt .. 4te e Geer 04 283-347 Trion MP Ger Lube #80 Swepco Gear Lwe 201-80/90
PE-15004E 320 Heavy Extrw-Preeme Gear CA 1350-1650 71ton MP Ger Lube # 140 Swepco Gear Lipe 201-90
PE-OG-,G - C ling-Type Gear Shield (Open Gears) 1 10 Sweoco Outside Gear Lube 604
P1-GPG-2 - Gen. rpowe ER UtP u G e NLGI 2 Thin Rlex EP #2 NR
PE-MG.2 - Molybdenum Disulfide E P Grease Titor HD Moly Grease Swepco Wly Grease 101

Plant ISO Viscosity, Standard Oil Co.
Engineering Viscosity SUS at (Ohio) Synthetic Oil Corp.
Designation Grade Lubricant Type 100 F Boron Oil Co. of Americag

P--10,A 32 Igh:t hI1xied Hydnilic & Gin. Pp 135-165 Fnrgol HIL 32 SOXC Hyd. 135.3
"S-21I-A 46 Med. 1 16 Hy~uik & Gen. P m 194-236 E o HL 46 NP
P1-315-A 68 Me-anvy i~td Hyd. & Gon. Rrpou 284-34 Erro It 88 NP
PE-7LO-A 150 He" Wtfhd I'"atdc & Gin. Rpu 630-770 Ergo RP 150 NR
PE-150-HP 32 High-Pressure i Anti-Wear) Hydraulic Oil 135-165 Eriergol HLP 32 SOC Hyd 135,3
PE-215-HP 46 High-Pressure (Anti-Wear) Hydraulic Oil 194-236 Energol HLP 46 NR
PE-315-HP 68 High-Pressure (Anti-Wear) Hydraulic Oil 284-346 Energol HLP 66 NP
PIFR'-1 - Frfe-rPistitW H-. Ruid/SltaI NP SOC -yd. 135.3
PE-FRM-2 - FewgWd Hyd. Fd/Wa*-c.. NP NR
PE-F4H-3 - Fre-Re. f-14 PAi/Walla-C &nMmb NP NP
PE-32-8 2 Very Light Spindle Oil i Over 6000 rpm) 29-35 Energol HLP 2 SOC Artic 30
PE-60-8 '0 -,gh Spindle Oil , 360-6000 rpml 54-6. Energol HLP 10 NP
PE-105-8 22 Spindle Oil (Up to 3600 rpm) 95-115 Enei HLP 22 N4R
PE-150-C 32 Lght Way 01 135-165 Energol IP 32' SOC Lgh&u l 1135.3
P..315-C 6e Me:n Way Oi 284-4 Emro i6-C SOC L ow 285.0
PE-1000-C 220 Heavy Way Oil 900-1100 ro FHP-220C SOC Lo*VhR 190 I .0
PIE-700-0 '5C L 'i Gear Oil 63-770 Energoi HLP- 150 301, GO
PE-1000-0 220 Medium Gear Oil 9°'00-1100 Energol HLP-220 SOC GO 140
PE-2150-0 460 Heavy 3ear Oil 1935-2365 Energot HLP-460 SOC GO 160
P14154 68 LJt Ex erm.Pr~m s Ger 01 283-347 Geere 80 SOC GO 90
PE-15004 320 Heay EamnePrasure G I1 1360-1660 Guep 80W- 1402 SOC GO 140
PE-OG-G - Clin-Type Gear Shield ( Open Gears) Geared OG 3CX Chair Drive
P1-OP-2 - Gen. PuM EP. Uhtiam Greaae NI.GI 2 Besn G-d-2 SOC Gree I
PE-MG-2 - Molybdenum Disulfide E.P Grease Bearing Gard-2 SOC Grease II

- W '*M 780 9 W C 25 wez 4C a'e 'Vxv
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Superior
Stelwart-Warner 0. A. Stuart Sun Refining a Industrial

Ste-Lube, Inc. Corp. Oil Co. of America Marketing Co. Lubricants

Sla-Lube GPO 32 Ind. 01 #"0' Daco PS-i15HydOd Sunvis 916 # 1332 Hyd- R&0 32
Sta4{ue GPO 46 rId. Oi #1 DascoPS-20 -tyd. 01 Sawm921 # 13-46 Hyd. R&O 46
Sta-LbeGPO 68 Id. 0*#2 Dasco PS-30Hy. Oi Suinis 931 V 13-68 Fyd.R&0 68
Sta-Lube GPO 150 HD Hlyd. O01*3 Da=c PS-70 Hy. 01 Suriis 975 # 13-150 ltyd. R&0 150
Premium Clear 201 HO Hyd Oil 4"0 Dasco PS- 15 Hyd Oil Sunvis 706. 816WR -" 4-32 Hyd R&C AWV 32
Premium Clear 202 HO Hyd Oil V1 Dasco PS-20 Hyd. Oil Sunvis 74 7 82 1WR z 14-46 Hyd R&O AW 46
Premium Clear 203 HO Hyd. Oil 42 Dasco PS-30 Hyd. Oil Sunvis 754 831WR ::14-68 Hyd. R&O AW 68

NRNRCesco FR420I-tyd. Fud NA 80-61 FR SyntheW lud
NNRDasco FR 201Hyd Fluid NR#80-60FR 40XD Fluid
NNRDa=c FR Hyd. Fluid Surisafe 450 480M2 Inverl FR Fluid

Moly Sh~ur Spindle Oil X-Lighl NR Dasco 1473 NP :50-50-2 Supe, Spir 2
NR Soindle Oil "A" NR Solrv~i --5 18C-50 Super Spin IC

Moly Sh~ur Spindle Oil Medium Spindle Oil 'A' Astral 0045 Sunvis 9~':05 Super Scir 22
Moly StAWl150 NR N Lubeway 1706 #8-150 Slicle-A-Way 32
My ShuFE)W315 NRSttaio7140OWay Lue Sun Way Lubae 118 #8-320 Slde-A-Way 6E
Moly Stu RDW 1000 NRSUaco 7164 Way Luba Sun~ Way Lube 1190 #8-460 Slide--a 220
Clear Shur GO 150 HOD Hyd. Oil #4 Sturaco 7 134 Sunvis 975. 775 ::9001 Mineral, 3ear '>;!

Clear Shur GO 220 HO Gear Oil :t5 Sturaco 7135 Sunvis 999, 790 =9002 Yir'erai Sear ci, A-j
Clear Sh~ur GO 460 HO Gear Oil 47 Sturaco 7137 Sunvis 9 112 ::9002 Mtroral Gear C.i -ia
MN Shur 2P 8W NR Sturaco 7132 Sumep1050 #-9M68HDGear D. F
Moy Sur6F940 HD Gear Oi #7 Stiraco 7136 surielp 1090 #9-320 HDGear 01, 320
Moly Shur 383 EP 00 Gear Coating-C" Sturaco 7105 Sunep Compound 250 SP =8-C20' Super -1 Ear Cpai! -.9ce
ClewShur NIPEP #2 W Ldir un.iPI'esWg742 EP #8012 EP Lrturn2 Grow
Moly Shiur BRB 42 NRNR Sunapiex 582 EPM ::8-0'' MC'Y L EF ::2 Cre9a9?

Tower Oil & Tri-State Industrial
Tech-Lube Corp. Texaco Inc. Texas Refinery Corp. Technology Co. Lubricants, Inc, Ultrachem Inc.'

Off Leak 10 LT Regal 09R&0 32 TRC Hyd. OilSAE 10 1-ydrodCC I-Nd-Fio 415 Chernbe 207
Off Leak 10 Regal 01 R&0 46 TRC Hyd. 00 SAE 10 Royiod 0 l-"o-Ro #2 Cheminkbe 217
Off Leak 20 Rega OdR&0 68 TFICHyd. 01 SAE 20 Hy~'oE Hyo-Flo#3 Chernltbe 217
Off Leak 10/50 Regal 01 R&0 150 TRIC H-yd. 01 SAE 30 Ryood F Hy~o.Ro #65 Chemlue 751
7H 10 LT- Rando Oil HO 32 TRC Hyd. Oil SAE 10 Hydroil AW-3 Hydro-Fio AW-15 NP
TH 10 Rando Oil HO 46 TRO Hlyd. Oil SAE 10C HyojriAW-4 -4vdro-Fic AW-2 Chern'iuoe 2 -
TH 20 Rando Oil HO 68 TRO HdY Oil SAE 20 Hydroil AWV-5 -$varo-Flo tAW-3 Chen-iube 2' 7
TH PH Safetytex 46NRNNRN
TH 150 WS Hyd.Safety Fluid46 NR FR Flud 40 Flo KooI AFI+AW N
TM-f FR y"Aikd 82 NR Safod 422NRR
TSO 5 NON urol AA =30 Spincle NR
750 10 Spind(ura Oil 10 NPOuroi A !t60 Spindle NP
,so Spindura Oil 32' TRO Spindle Oil SAE 5 Ourol B # Spindle Ci'errsoir. 22
T 10LT Rando Oi32, TRCRock Dril O1 #15 Way &Gear Lube StaLue# 15 NR
T720 Way Lube 68 TRIC #890 Van Purpoe 75 #47 Way Luba Sta-Lube #3 NR
T790 Way Luba 220 TRC #890 Va i pae 80/90 #'95 Way & Gear Lube Sta-Lube #9 I

T75 80 Regal Oil R&O 150 TRC 4790 Sure Univ Gear Lube 80 Express Gear LUte F Gearmate ::65 erue8W9
T790 Regal Oil R&O 220 TRO #790 Sure Univ Gear Lube 90 Express Gear _uoe GH- Gearmale Cherniuoce'4
T 140 Regal Oil 390 TRC 0790 Sure Univ Gear Lute 140 Express Gear LuDe J Gearmate #21 CC Cherniuce 25K^
T 20EP Meropa 68 TIC #890 Van Pw'poes 75 Express GearLuba EF Gearmate EP #3 NR
T 90/140 EP Meropa 320 TRC #890 Vail PM 80/90 Express Gear Luae GH- Gemiate EP # 1600 Chenlutie 250

3 G Crater 2X Fluid TRO Taikilube Kotall Sla-Lutpe EP ::9 vschern 37?
TG Lhin EP? NlIufak EP 2 TRC Mdypit (?rzall R GL-85 VWd'em 352
TG M2 Molylex EP 2 TRC Moly EP Grezall ME- I G1--88 V scnen' 350M
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nLANT ENGINEERING'S CHART OF INTERCHANGEABLE LUBRICANTS

Plait ISO Viscosity,
Enginwing Viscosit Sus at
Designation Grad. Lubricant Type 100 F Union Carbide Corp.. 10

P1E-150- 32 Lot Irtied Iy(dauic & Gen. Purpose 135-165 Ucon LB-135XY-26
PE-215-A 46 Mod. Mited "hyaic & Gen. Purpose 194-236 Ulcon LB-17OXY-26
PE-315-A 68 Med.-Heavy Wvbted Hlyd. & Gean. Pripose 284-346 Ucon LB-300XY-26
P1-700A 150 Heavy hhlbted Hlydraubc & Gean. Purpose 630-770 Ucon LB-65OXY-26
PE-150-P 32 High-Pressure (Anti-Wear) Hydraulic Oil 135-165 Ucon Hyd Fluid AW32 'WS-34'
P1-21I5"P 46 High-Pressure (Anti-Wear) Hydraulic Oil 194-236 LUcon Hyd Fluid AW46
PE-3 15-"P 68 High-Pressure (Anti-Wear) Hydraulic Oil 284-346 Ucon Hyd Fluid AW68
P1-F4-I - Fire-Resistant HOd. Fkad/Synic N
P1-FW4-2 - Fre-Resistanrt Rlyd. Riad/Water-G"o Uc Hlydrolube C-7461
P1-FRH-3 - Fre-Res. Hyd. Rid/Water-Ol Emulsion N
PE-32-8 2 Very Light Spindle Oil (Over 6000 rpm) 29-35 N
PE-60-8 10 Light Spindle Oil (3600-6000 rpm) 54-66 N
PE-105-8 22 Spindle Oil (Up to 3600 rpm) 95-1115 NA
P1-150C 32 Light Way 09 135-165 wP
PE-315-C 68 MedumnWay 04 284-346 NR
P1-1000-C 220 Heavy Way 04 900-1100 NR
PE-700-0 150 Light Gear Oil 630-770 Ucon Gear Lube 150
PE-1000-0 220 Medium Gear Oil 900-1100 Ucon Gear Lutbe 220
PE-2 150-O 460 Heavy Gear Oil 1935-2365 'JCon LB- 1800XH- I
PE-31 r-E 68 Light Extreme-Pressure Gear Oil 283-347 Ucoin Gear Lube 66 EP
PE-1, )-E 320 Heavy Extrerne-Pressure Gear Oil 1350-1650 Ucon Gear Lube 220EP
PE-OG-G - Cling-Type Gear Shield (Open Gears) NR

PE-GPG-2 - Gen. Purpose E.P. Liim-Base Grease ?NLGI 2 NR

PE-MG-2 - Molybdenum Disulffde E P Grease NR

Plant ISO Viscosity,
Engineering Viscosity SUS at
Designation Grade Lubricant Type 100 F Weat Penn Oil Co., Inc. The White A Bagley Co.

PE-150-A 32 Light Wted Hydrathc & Gen. Prpose 135-165 WiP HB-150 W&B Super Hy. Oil 150
PF-2 15-A 46 Med. lihbed Ftyaubc & Gean. Purpose 194-236 W/P HB-200 W&B Super Hyd. O01225
P1-31I5-A 68 Med-liavy Wtited Hyd. & Gen. Prpose 284346 W/P HBM-300 W&B Suer Hyd. Oil 300
P1-700-A 150 Heavy hded l-tyauhE & Gean. Pripoe 630770 W/P HBM-650 W&13 Siper Fy. Oil 600
PE- 150-14P 32 High-Pressure lAnti-Wearl Hydraulic Oil 135-165 W! P AWH- 150 W&8 Super Hyd Oil 150
PE-2 15-HP 46 High-Pressure (Anti-Wear) Hydraulic Oil 194-236 W/ P AWH-200 W&B Super Hyd Oil 225
PE-3 15-HP 6 High-Pressure ( Anti-Wear)I Hydraulic Oil 284-346 W 'P AWH-300 W&B Super H~d Oil 300
PE-FUI- 1 - FireRes1aint lyd. Flud/Syntitii NP NR
PE-FRH-2 - Fwe-Resatarit ityd. Fluiid/Water-Glycol NR NR
PE+T1RH-3 - Fire-Res. Hyd. Fluid!Wate-Oi Emulsion NR NA
PE-32-8 ? V"r LignI Spindle Oil (Over 6000 rpm) 29-35 W/P Westspin ::3 W&B Precision Spindle Oil 45
PE-60-81 ,qrt Soindle Oil I 3600-6000 rpm) 54-66 W/P Westspin #6 W&B Universal Spindle Oil 60
PE-105-8 1: dl Oi-pI 60rm 95-115 WPetin10W&B Universal Spindle Oil 100
PE-150-C 32 Lo~tWay 00 135-165 W/P Periway Light W&B Lght y. & Way Lube
P1-31I5-C 68 Medum Way Oil 284-4A W/P Pemiway Mod. W&B Med. Way Lube
P1-1000-C 220 Heavy Way Oil 900-1100 W/P Perrway Hleavy W&B Heavy Way Lube
PE-700-0 150 Lgrtl Gear Oil 630-770 WIP Mineral Gear Light W&B Hyaline Oil H
PE-1000-0 22C Medium Gear Oil 900-1100 W/P Mineral Gear Med W&B Hyaline Oil J
PE-2150-0 460 H~eav-y Gear Oil 1935-2365 WP Mineral Gear Heavy W&B Hyaline Oil L
P1-3 154- 68 Lgt Extrerne-Pressure Gea 01 283-347 W/P APG 80 W&B EP Gear Oil SAE 80-W
PE-1500-E 320 Heavy FExhme-Prsure Gear Oil 1350-1650 W/P APG 96 W&8 EP' Gear 0il SAE 90
PE-OG-G - Ding-Type Gear Shield (Ope Gears) W/P 005 Oilzum Open Gear Lube
PE-GPG-2 - Gen. Purpose E.P Llsz. s Grease MG1 2 W/P LU #2 EP Oiii WA-rpose Lube
P1-#dG-2 - Molybdenum Disulfide E.P Grease W'/P Moly Lith #2 EP Oilzum Moly Lube

~~'Y4w No -0 gw ~ n* e %I eca~z xow.abT 'm'wt
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Union Oil Co. of California U.S. industrial
Western Region Eatem Region United Refining Co. Lubricants Viscosity Oil Co. Waliover Oil Co.

Turbre Oil 32 UxRX32 Entlem R&O 150 Poyrmne 141 PTO 32 AZ Woco Turbne & Hy. Oil 150
Turbine Oil 46 nax FX 46 Etlem R&O 200 Poimwi 141 PTO 46 AZ Woco Turbie and Hyd Oil 200
Turbe O 68 Lix X 68 Erblem R&O 300 Polymer 141 PTO 68 AZ Woco Turbine & ihyd. O1300
Turn Oil 150 Utax AX 150 Erriern R&0 650 Polyer 142 PTO 150 AZ Woco Turbine & Hlyd Oil 710
Unax AW 32 Unax AW 32 Emblem AW-160 Polymer 141 PTO 32 %Z Wo-o Hy, C'i AW-5
Unax AW 46 Unax AW 46 Emblem AW-200 Poiymer 141 PTO 46 AZ ,,oc Hyc l AW-20
Unax AW 68 Unax AW 68 Emblem AW-300 Polymer 141 PTO 68 AZ Voco Hya C,!i -AW-30C

NH Ni N FR-2 NiR NR
NR NR N WGF 200/300 NR NR

FR Fluid FR Fluid NR FR-WO NA NA
NR NR NR Polymer 14C Vertex 40 35'csDi" Th
NR NA Emblem R&O 55 Polymer 140 S,-6

Turbine Oil 22 Unax 22 Emblem R&O '00 Polymer 14C S ',0
Way i Hi 32 NR Enaem Powerway 150 Polymer 141 Visway 1 Woco AW- ! 5,?.
Way Oil I) 68 Way Oil If) 68 Entlem Pcwerway 350 Polymer 142 Visway 2 vVoco AVVT- 00
Way Oil HID 220 Way Oil iD 220 Emblem Powerway 900 USL-90 Visway 4 Ncco AWT- ',)r
Unax 150 Unax 150 United Premium 40 USL -80T: 'j.,._ FV'. ,
Unax 220 Unax 220 Emblem Mine al Oear 90 USL -9C PTO 220 :-Z ,'-
Unax 460 Urax 460 Emblem Mireral Gear '40 USL ,,C 7T 46;, o :,c ,. -

Extra Duty NL 2 EP Extra Duty NL 2 EP Errlern APG 80 USL-30 Flex 2 EP ,,'ro F ,e_* 3,i X
Extra Duty NL 6 EP Extra Dut 6 EP Errtim APG 95 LISL-90/140 Rex6 EP Woc EP ,,rr i 10
Gearite Heavy Gearite Heavy Emblem Open Gear Clinq- c Outrode - - -

LlnobaEP #2 lnoba EP #2 Emolu e 302 EP Poly-Temp EP Lit #2 Wo w EP L &W,'2ur -4 -
Unoba Moly HO 42 Unooa Moly HO 42 Er-ilu:e 292 Muly X-D HO' 'Ak, :2 ;V:.. .

Wylie Lubricants
CW Petroleum and

White & Begley of Michigan, Inc. Arthur C. Wlthrow Co. Chemical, Inc. 0. F. Zurn Co.

Penr maw Super Hyd Oi 150 S L## Lute Of Turbinol 32 Zurn'reem 5,A
Per Suer Iyd. 0 225 S Md. Lua 0 Turtbinol 46 Zmnpirse 2iA
Pervi-* Sup Hyd. O1 300 S Md-d4vy. Lube 01 Turbinol 68 Zumrpreem 30A
Pen-Mw SLw O-tyd. 01600 S Extra Hey Lube Oi Turbinol 150 Zumrprean 70A
Penn-Mar Super Hyd Oil 150 H Light AW Hyd Oil Turbinol-AW -2 Zurnpreem 15A
Pern-Mar Super Hyd. Oil 225 H Med AW Hyd Oil Turbinol-AW 46 Zurnpreem 2!A
Penn-Mar Super Hyd. Oil 300 H Meo-Hvy AW Hyd Oil Turbinol-AW 68 Zrruoreem 3 __

NF NR Tu-rbincl-FR Fluid NR
Ni WtW 841 Safety tyd PAd Turtnowl-FR-G Fluid NR
NR NR Turbirnol-FR-E Fklui NR_

Penn-Mar R&O Spindle Oil 45 NP NF Zurnoreem 31
Penn-Mar R&O Spindle Oil 60 H-60 AW Hyd Oil Turbiroi-S 10 Zurnpreer" 64A
Penn-Mar R&O Spindle Oil 100 H light AW Hyd 0,1 Turonnol-S 22 Zurnpreem 10;-
Pei.#M Light l"I. & Way Lube Wiltow 625.150 Way 01 Turbinol-Way 32 Zurn Waylube 15
Penn-Mi Mod. Way Lue W vow 625-300 Way 01 Turbnol-Way 68 Zun Waylulbe 80
Penn-As Heavy Way Lube Who 625-0 Way Oil Tutidnol-Way 220 Zurn Waylube 90
Penn-Mar EP Gear Oil #2 Withrow EP-4 Gear Oil Turbirol-Gear 750 Zurnpreem 70A
Dari.ube K Witlhrow EP-5 Gear Oil Turbinol-Gear 220 Zurnpreem 95A
Penn-Mar EP Gear Oil #4 AP Gear Oil SAE 140 Turbinol-Gear 460 Zurnpreem 140A
P * EP G Oil # I NR Turbinol-Gear EP 68 Zum EP Lube 68
Pemn.M EP G 1 Of #3 AP Gea 01 SAE 90 Turbinol-Gear EP 320 Zur EP Lube 320
Penn-Mar Open Gear Shield 800 NP Turbinol Open Gear G Zurn Oper Gear Lune
Pawv,&* Kole Z- 1 120-2 Lan EP #2 Grem Tuirbin EP 2 Grease Zum7 MD #2 EP Geese
Penn-Mar Kole Z- 1420-2 Moly-Dee Multi-Purpose Grease Turbinol SO Grease Zurn MD .2-Moly Grease

6 SV&Vo Comog~i @J MWk a SARPIW -V ~dc'7a0 "Yte z 'fr
A A. 2" ,0 & * A AS pr'",l15 ' O,'T mie a -" #ab I" s r,t new YSJs
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APPENDIX E: AGMA LUBRICATION SPECIFICATIONS
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Table E2

AGMA lubricant number recommendations for
enclosed helical, herringbone, straight bevel,

spiral bevel, and spur gear drives

AGMA lubricant No. 2/ 3/

Low-speed center distance Ambient temp 4/

-10-+10 °C 10-50 OC
Type of unit 1/ (Size of unit) (15-50 'F) 5/ (50-125 "F)

Parallel shaft (single reduction) 2-3 3-4
Up to 200 mm (to 8 in.) 6/

Over 200 mm up to 500 mm (8 to 20 in) 6/ 2-3 4-5
Over 500 mm (Over 20 in) 3-4 4-5

Parallel shaft (Double reduction)
Up to 200 mm (To 8 in) 6/ 2-3 3-4
Over 200 mm (Over 8 inT 3-4 4-5

Parallel shaft (Triple reduction)
Up to 200 mm (To 6 in) 2-3 3-4
Over 200 mm, up to 500 mm (8 to 20 in) 6/ 3-4 4-5
Over 500 mm (Over 20 in) j/ 4-5 5-6

Planetary gear units (Housing diameter)
Up to 400 mm (To 16 in) OD 2-3 3-4
Over 400 mm (Over 16 in) OD 3-4 4-5

Straight or spiral bevel
gear units
Cone distance up to
300 mm (7. 12 in) 6/ 2-3 4-5
Cone distance over 300 mm (Over 12 inT 6/ 3-4 5-6

Gear motors and shaft-
mounted units 2-3 4-5

High-soeed units 7/ 1 2

1/ Drives incorporating overrunning clutches as backstopping devices should be
referred to the gear drive manufacturer as certain types of lubricants may
adversely affect clutch performance.
2/ Ranges are provided to allow for variations in operating conditions such as
surface finish, tenperature rise, loading, speed, etc.
3/ AGMA viscosity number recommendations listed above refer to R&0 gear oils
shown in table 2, EP gear lubricants in the corresponding viscosity grades may
be substituted where deemed necessary by the gear drive manufacturer.
4/ For ambient temperatures outside the ranges shown, consult the gear
manufacturer. Some synthetic oils have been used successfully for high- or
low-temperature appIications.
5/ Pour point of lubricant selected shc Id be at least 5 0C lower than the
expected minimum ambient starting temperature. If the ambient starting
temperature approaches lubricant pour point, oil sumo heaters may be required to
facilitate starting and ensure proper lubrication.
6/ Inch unit as shown are approximations.
7/ High-speed units are those operating at speeds above 3,600 rpm or pitch line
velocities above 25 m/s (5,000 fpm) or both. Refer to Standard AGMA 421,
Practice for High Speed Helical and Herringbone Gear Units, for detailed
lubrication recommendations.

From Standard AGMA 250.04, Lubrication of Industrial Enclosed Gear Drives,
Amer;can Gear Manufacturers Association, Arlington, Virginia, 1974.

E3



WV C

0-)'-4 a.0 aI

d) 0 6M >. 0. L.0 04 0)

4) 06 - 4) -l -- c) '0 GO GC1 C i j

L L4 L-6 w

CL a . 0 . a.. 0. cc 0.0 w) C 2*4
C ~ ~~~~ L.' L. U 0K£ U E )0 04

4) .- 0 0 0 00 0 0 0 00 .3 4 C> C
-,~~ u. 0. u ) L) UC) U U U 4 L 4

4) (a 00 .93 0 It4
cc . .0 w C4L

10 . =) m v)~

CL L. - I.4 wC I- -> I
- 0C- c.. -.. :..E.- ) 4

40 4) uCi 0L C0u o" .4)~4' = f" 0.P. O c3 s- X f- CC C
0.-C 4) >.C U

00 0 0 .M.. 0 0. 0. 00 L.6 ) M) *C V

- 4) w-- t

0- >- (U C--1 ( ). )0 3

C R U .0 4 )

f".. 0 0 w0
a)) L> 0C CL L L L 4

'. Z7U 0 0 cn

4)" - U C 
A 0 0 X L

4)0 a) a0 E 0. sCJ w

V 0'- 0 0 0 0 0 U 0 0) 00 u )' '' 4

LO~ LL U C~

U~~ 0. 
)

Cl L 0-E
3a 10 0. o0E00

4)) C L . 2, zzi 0 "
o)' > LN 1U L-

4)> . CL 04 w4)
a;. - .C L

aLC 7 0 L L C LWt 0-- wA~
C.. 04) C0

UO~~~ 0. 0. a. 0..3V 4D)

0 r~C. C , Cc,. .c 0

0 0C 0- .4).0

uU L) u U L) 0 0 0 00 1 t *O c . 4) V.-'u~~~L -'0' w.2 0l 0 0o 00 U U UD C -
m0 f'.. P- P. 'o Go 4 o Go 44 L4 vU n o
Q0 4 W . -) UC U

4)4) C5 .'- U- a4) CI 0 --L t
- C 0 4) 0 0. 0 u 00 0)4 LM 4 (I UM0 - a

L- 34 - v 0- M0 .000 04)-M cl)lt c c c
4).L ~ 0 '0 L- C- C- C--10.- 10 L. .0 .
60 4% m z- . -0. CO a)

00~~~~W 0. 0. 060 0.L 0. 0u.00 C. U-)~~

C~0 a.'- E 656 CU E cl mC LO.
- C 4)-- -

n 04C U U U 'a U) UD U0 UU>, 4) 4 U C
C~~I 60 a) IO. .4

.2. 04 L C a m '
L0 . l o 0 aL-1 C0 '.a)U) 6

0~~ ~ ~ L.0M0 0IC0 0-0 0 L 6 -m'
U1 , W s0m-= a- a) 64M) LU W 4 w)

mV > 0 0 0 0 9 0 uL V -4) M
m 0 ' - 0 CS' 0 4C 0 0 c 0 C 0 U ~ ' .0U Is

I 3 4) C- 4)' C- (N( C- - C- (NN .-.- 4)
4 -4 40')0 C %-4)

r_ W04 0.0 U o
R ~ ~ ~ ~ C- CO 0 0- oL C0 6aI

'-0.CV)Cf W " L0 '62(D C)0000 U- O00 - 4Q a L a 4) 0 CMQ %
A 0 vs > in, 0 IA - 0 m6 . 0.)M.0 V

ao~ w.' >.U-C co C- -L

w - - L - L- z L. L 61 mz 0C- L- et

4) CU > U >IC >U: U > > CL IE U 3t0. 0
(N U C 4) U'-w 0 .C-U.4 a0

0 u0 0 L0 0 0 0-6 4 t- >
'0~~~ 0 Cf 0- LL 0 C 0 L 0.LC C 0)4
N.M 4' 04 0 E4 N114) U~. '4) 4)z V4 w



C4

mV LnC

o 0. -VU0 0 .
o0 > U U

>- o. Zn

0' 03
zIn

C~n 00 L

U c m)0 0
.1. Qdn c -0 (r

00 00 - a

UO -~ 0 L V .

-)0 0? C M

00 U4L 00

C 4 C7 CN I

m Lo

9L CLC L .a L Lm C 4 .

(L) M- L-( 4, o

c (C - 0 (D

L W. ~(L w (1
.0 0 >C:

-D (V'-I mLnP C> MC

0) 0- ~ !!,
L cc .1 j -1 L) C

0V 0L C3 0
0' -0 0" 6 -- ' C

~a)
-00 v U.CV 0n U

4 n - 'D _V.ErC IDI 44 ciC 1 W

C 4) 41=
0 Cl 0(~ 0 m0 -

4~C Il Il 00 . ~ .~n- 0

0 ~ * 0)V m, 0),

1'0 m C0c l

0 La 0 L.(V0..
0 -~000(N 0-U( V

0000 ~ 0 L
00 (~V 0

0)011 .0 00 .'0 C ),

0' 0000 0 0 ~ E5



L

-" c

L m 0 (),o-a
a. 4) C

-~C 0 0

C 0. CL -- ( 0 .

ollo
CC

C, wC j
; 21

U0. aC . aL."-. r.M

0 CI 0 0

- 0 6M

- 0

IL CL CL CL4

0.J 0. Q),; 0
0. .~ U ~ ~ 4-U a a. a'o I D U04

0~~4 c 4) U. C i44

S-L L.a CUM3I
Ucl, 0 0 0 .. 4 )

U 0 -i -

CL. CC C >N

.. 0 u
IL C).- a . a. aVa. -

d) m 4 0

o 5 4) CCC'Jw

06 0. CL XE X L

C L. 4)0 -

4)as*cu w

I) EC4C n . --
.0 - a. a. w ~ a .2 0 CL m

Q. 0 0) 00( (aL

,- L" 
a, 6 

0 6~ c a 0

C~~ ~ W.2 *4U44

4)L 0. 0 0

2w LL 0L 006CVL

U~~C : C : '. ~ C.C 0U

C U)O( C4LC L 4) 4O-'-
cQ0c L4.- >~). 0 :30 z (:

= 0 co L( ..4)j 0 .'0C
.C 0. 0 4) 0- a a.

o0 w 0
to CL c j c
cu~4 a )c

-L. In)44
(AD

14 C141 mia

- *-. E6



Table E6

Recommended AGMA lubricants (tor intermittent methods of
application limited to 1500 ft/min (8 a/sac) pitch line velocity I/

Mechanical spray systems 3/

Ambient temperature in Gravity feed for

degrees Fahrenheit EP Residual forced drop method

(Cels.us) 2/ lubricant compound 4/ using EP lubricant

15 tc 60 (-9 to 16) 14R

40 to 100 (4 to 38) 12 EP 15R 12 EP

70 to 125 (21 to 52) 13 EP 15R 13 EP

NOTE: AGMA viscosity number recommendations listed above refer to gear oils shown in Appendix 4.

I/ Feeder must be capable of handling lubricant selected.
2, Ambient temoerature is temnerature in vicinity of the gears.
/ Greases are sometimes used in mechanical spray system to lubricate open gearing. A general

purpose EP grease of number 1 consistency (NGLI) is preferred. Consult gear manufacturers and spray

system manufacture before proceeding.
4/ Diluents mist be used to facilitate flow through applicators.

From Standard AGMA 251.02, Lubriction of Industrial Open Gearing, American Gear Manufacturers

Association, Arlington, VA, November 1974.
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